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DESIGN WITH 


ARNOLD 6T CORES... 
SAME-DAY SHIPMENT OF 
STANDARD DELTAMAX CORE SIZES 


Arnold 6T tape cores (aluminum- 
cased and hermetically-sealed) 
offer you three very important de- 
sign advantages. One: Maximum 
compactness, comparable to or 
exceeding that previously offered 
only by plastic-cased cores. Two: 
Maximum built-in protection 
against environmental hazards. 
Three: Require no supplementary 
insulation prior to winding and can 
be vacuum impregnated after 
winding. 

Now we've added a fourth vital 
advantage: Maximum availability. 
‘An initial stock of approximately 


TO ROLL! 
RIGHT 
FROM 
STOCK 


20,000 Deltamax 1, 2 and 4-mil 
tape cores in the proposed EIA 
standard sizes (See AIEE Publica- 
tion No. 430) is ready on ware- 
house shelves for your conveni- 
ence. From this revolving stock, 
you can get immediate shipment 
(the same day order is received) on 
cores in quantities from proto- 
type lots to regular production re- 
quirements. 

Use Arnold 6T cores in your 
designs for improved performance 
and reduced cost. They're guaran- 
teed against 1000-volt breakdown 
... guaranteed to meet military 
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test specifications for resistance to 
vibration and shock . . . guaranteed 
also to meet military specifications 
for operating temperatures. The 6T 
hermetic casing method is extra 
rigid to protect against strains. 
Let us supply your requirements. 
Full data (Bulletin TC-101A and 


Supplements) on request. @ Write 
The Arnold Engineering Company, 
Main Office and Plant, Marengo, Ill. 


ADDRESS DEPT. EM-7 


SPECIALISTS in MAGNETIC MATERIALS 


BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL 
CITIES © Find them FAST In the YELLOW PAGES 
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XYC+XYC+XYC+XYC = SUM 
XYC+XYC+XYC+XYC = CARRY 


ut | 
ACTUAL SIZE 


FROM LOGIC EQUATION 
TO SYSTEM PROTOTYPE 
IN ONE STEP 


That’s how simple it can be when EECO’s new U-Series 
Digital NOR-Circuit modules are used. Engineering time 
can be spent designing systems, because EECO has taken 
care of circuit details. The first units of this new family of 
compatible germanium transistor circuit modules operate 
over the frequency range of 0 to 25 kcs. These units are 
designed to meet the requirements of MIL-STD-202B, as 
modified by temperature specifications of individual units. 


PACKAGING 

Two packaging styles are available. Both use all-welded 
electrical connections and both are encapsulated. Rectan- 
gular units with wire leads (to simplify dip-soldering) are 
available for installation on circuit cards. Cylindrical units 
with pins are available for installation in tube-type sockets. 
This latter package is admirably suited for system bread- 
boarding. System wiring can be accomplished at the sock- 
ets; modifications in system design can be performed easily. 
and rapidly. The cylindrical packages measure 7s” diameter 
by 1.0” seated height. The rectangular packages measure 
0.95” long by 0.95” wide by 0.5” seated height. 


Write, wire, or phone today for detailed information on 
the EECO U-Series of NOR units or for information on 
any of our other families of digital circuit modules. 


ENGINEERED 
ELECTRONICS J ENGINEERED ELECTRONICS COMPANY 


1441 EAST CHESTNUT AVENUE « SANTA ANA, CALIFORNIA 
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Bodine Motors Give You ADE (After Delivery Economies) 
Here’s an example... 


“We've used BODINE MOTORS for 25 yeats... 
they have proved to be very reliable” 


says Dr. Franklin F. Offner 
President 

Offner Electronics, Inc. 
Schiller Park, Illinois 


The microvolt sensitivity of Offner Dynograph 
recorders and electroencepalographs demand 
motors that produce a minimum of stray field 
and vibration, motors that stand up under a vari- 
ety of operating conditions. Offner instruments 
are used in hospitals where quietness is important; 
at sea where adequate saltwater protection must 
be provided, in industrial monitoring where there 
can be no failures in long continuous operation. 
Offner Electronics has specified Bodine Motors 
for the last twenty-five years. 


As Dr. Offner puts it, ““Our customers have always ex- 
pected a high degree of reliability from our equipment, 
and we maintain rigorous testing and quality control 
procedures to insure such reliability. Twenty-five years 
experience with Bodine Motors has convinced us of the 
excellence of these motors, and we will continue to use 
them in our product design.” 
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Offner Type R Dynograph Assembly 


The ADE (After Delivery Economies) of Bodine Motors 
mean more years of trouble-free operation where it counts 
most... in the hands of your customers. Bodine Motors 
deliver the performance a quality product demands... 
provides economies that earn customer satisfaction and 
repeat orders. Ask for Bodine Bulletin S-2 for detailed 
information. 


Fractional Horsepower Motors for: Office computing and account- 
ing equipment- Engineering, laboratory, and research instruments 
Photographic equipment « Musical instruments « Electrical industrial 
apparatus - Therapeutic and medical equipment - Communication 
equipment - General industrial machinery « Metalworking machinery 
Service industry machinery + Optical instruments + and any equip- 
ment that requires quality fractional horsepower electric motors 


Bodine Electric Co., 2506 West Bradley Place, Chicago 18, Illinois 
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How Convair-Astronautics 


keeps track of 


this... 


(and 84.999 other missile parts) 


The Manufacturing Control De- 
partment at Convair (Astronautics) 
Division of General Dynamics Cor- 
poration has a monumental prob- 
lem: how to keep track of the 
movement of over 85,000 individual 
missile parts. 

The solution: automated data 
preparation by means of a Friden 
Collectadata® system. Situated in 
key plant locations, Collectadata 
transmitters report virtually all parts 
movements—over 5000 every day— 
to central Collectadata receivers 
which record them into punched 


paper tape. At day’s end the Col- 
lectadata tapes are fed into the elec- 
tronic computer at Astronautics for 
further data processing. 


This is what Astronautics says: “The 
Collectadata has been in use at 
Astronautics for less than a year. 
But by eliminating tedious manual 
paperwork, and by assuring prompt 
processing of all inventory reports, 
it has already saved considerable 
time, trouble and money.” 


How much could Collectadata save 
you? Call your Friden Systems 
Man, or write: Friden, Inc., San 
Leandro, California. 


THIS IS PRACTIMATION: auto- 
mation so hand-in-hand with prac- 
ticality there can be no other word 
for it. 


riden 


Sales, Service and Instruction Throughout the U.S. and World 
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Familiar product... new use 


In the hands of experts, a well-known 
product has found a new use, brought 
about by today’s fast moving technology. 
A spacer with electrical insulating and 
special mechanical properties was 
required for this stud-mounted power 
transistor. CDF solved the problem with 
paper phenolic rolled tubing, a long- 
established grade. Fabrication of the 
spacer is accurate and low cost on 
automatic screw machines. 


Result: Reliability is assured through use of 
a time-tested and proven material, while 
costs are kept to the minimum. 


A few facts on the tubing: (1" x 14%") 
Dielectric strength, perp.,vpm. . . 
Min. density 

Water absorption, % 

Axial compression, psi. . 


CONTINENTAL-DIAMOND FIBRE 


CONTINENTAL-DIAMOND FIBRE CORPORATION, NEWARK, DELAWARE ® A SUBSIDIARY OF THE -ffaahs COMPANY 
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Systems 
Mechanical 


Factors Contributing to 
Backlash in Gear Trains 


Factors that comprise the total backlash in fine-pitch spur 
gear trains are a along with detailed calculations. 
Included are effects of changes in center distance, method 
of calling out tolerances, pressure angle, and total composite 
error in gears; thinning, deflection and wear of teeth; radial 
play in bearings and differential expansion between housing 
and gears; also shaft twist. 


> rt Benson, Bell Telephone Laboratories, Inc., Whippany, 
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Components, Electrical/Electronic Your Classification: 
Batteries 


Electrochemical Energy Sources— 
Nickel/Cadmium Batteries 


The properties, reactions, design and operation of nickel/- 
cadmium batteries in powering control systems and components 
for missile and space vehicles are studied. Characteristics of 
these batteries are given in charts and tables. This study is 
a follow-up of the preceding article (June 1961) on silver 
oxide/zine batteries and basic technology of galvanic power 
sources. 


R. W. Schult, Aerospace Corp., Los Angeles, and W. T. Staf- 
ford, Space Technology Labs., Inc., El Segundo, Calif. 
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Your Classification: 


Extended Surfaces for 
Heat Transfer: 
5—Spines 


The last of the five-part series of articles on extended surface 
thermal analysis explores the spine or pin shape. Various spine 
— are studied and analyzed, and their efficiencies com- 
pa 


A. D. Kraus, Sperry Gyroscope Co., Great Neck, L.I., N. Y. 
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in this issue 


Components, Electrical/Electronic Your Classification: 


Contact Devices 
Design Considerations 
Specifications and ‘etantards 


ve Relay Designers and 
Users Meet 


A summary report on the Ninth National Conference on Elec- 
tromagnetic Relays, held April 24-27, 1961 at Oklahoma State 
University. Nine technical papers are reviewed. Covered are 
relay contact failure, special telephone-relay contacts, contact 
spring for reduced chatter. in high-speed relays, high-speed 
relay operation with minimal power, dry-reed relay logic device, 
r-f interference suppression, and test and measurement. 


Michael M. Meyers, Associate Editor, ELectro-TECHNOLOGY, 
New York, N. Y. 
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Design Considerations 
Miniaturization 


Your Classification: 


Thermal Design Considerations in 
Thin-Film Microelectronics 


Analysis of problems associated with adequate thermal design 
in thin-film devices. Prob]~m is examined with two considera- 
tions in mind: thermal characteristics of individual circuit 
elements and the modes of heat transfer and temperature 
gradients in substrate assembly concepts. 


J. R. Baum, Motorola, Inc., Scottsdale, Ariz. 
Electro-Technology 1961 July p92 3 pp 


Materials, Electrical/Electronic 
Electrical Insulation and Dielectrics 


Your Classification: 


Combined Time-Temperature Data 
for Electrical/Electronic Laminates 


Results of NEMA-sponsored investigation of paper and cotton- 
base phenolic laminates, glass-base melamine and_ silicone 
laminates, also glass-mat ‘polyester and glass-cloth/epoxy types 
under various time exposures—less than 1 hr and up to 100 
hr—at temperatures of 130 C, 220 C and 260 C. 


Staff Report. 
Electro-Technology 1961 


July p 116 2 pp 
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e Quick interpretations of feature-article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


¥& Reprints available—see pages 152 and 156. 


For your copy of the ELECTRO-TECHNOLOGY Subject Classification for Indexing, circle Number 938 on postcard at end ot book. 


Systems 
Control Systems, General 
Components, Electrical/Electronic 
Semiconductor Devices 


Your Classification: 


Firing Circuits for Silicon 
Controlled Rectifiers 


Various types of firing circuits are reviewed: unijunction 
transistors, magnetic amplifiers, phase-shift networks. Special 
emphasis and design details are given for Silicontrol, which 
is a combination of a magnetic circuit and a phase-shift cir- 
cuit, 


W. J. Brown, VecTroL Engineering, Inc., Stamford, Conn. 
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Science and Engineerin Your Classification: 


Materials, Mechanical /Structural 
Metals 


*% Wear of Materials— 
Impact on Design Failure 


A study of the basic concepts of wear of materials, based on 
the results obtained from the observation of wear in metals, 
Descriptions of the phenomenon of wear as applied to design 
engineering are discussed. Wear and its minimization are ex- 
amined and reported. The text is supported by tables and an 
extensive bibliography. 


H. E. Barkan, Associate Editor, Etectro-TECHNOLocY, New 
York, N. Y. 
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Coton Septieoations Your Classification: 


duane = aagroguring 
Network Analysis 


Digital-Circuit Reliability 
through Redundancy 


A summary of results obtained by the application of redun- 
dancy to various types of digital circuits used in computers. 
Both part and circuit redundancy are applied, and compari- 
sons are made between various possible techniques. Formulas 
are derived which enable the designer to ascertain the actual 
reliability improvements to be expected from redundancy. 


é Zo Sorensen, Space Technology Labs., Inc., Los Angeles, 
alif. 


Electro-Technology 1961 July p 118 8 pp 
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Motors Your Classification: 
Materials, Electrical / Electronic 
Magnetic Materials 


Tests Confirm Merits of 
Non-Silicon Lamination Steel 


The use of controlled and properly annealed low-carbon steel 
for motor laminations is discussed. Results of tests are pre- 
sented, comparing performance of motors using the car 
steel with those employing the more expensive silicon-bearing 
materials. 


S. Wolff, Magnetic Metals Co., Camden, N. J. 


Electro-Technology 1961 July p 84 3 pp 


Systems Your Classification: 
Control Systems, General 


Saturable Reactor Control 
of D-C Motors 


A method of analysis is developed which derives describing 
equations and characteristic curves. The analysis is generally 
applicable to series saturable reactors used to control any load 
which is inductive and contains a back-emf element. 


H. R. Weed, Ohio State University, Columbus, Ohio, and S. P. 
Jackson, Continental Electronics Corp, Columbus, Ohio. 
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COMING UP... 


The August issue Science & Engineering article is on the sub- 
ject of Tensor Analysis, complementing the June issue article 
on “Vector Analysis.” Also coming in August: Surface Con- 
tamination in Contacts, Unconventional Power Sources 
(Part 1 of two parts), Shift Registers, Semiconductor 
Failure Analysis, Constant-Frequency Alternator, Select- 
ing Balancing Motors, Graphical Flux Analysis, Human 
Factors Design Guide, Thermistor Bridge, and Frequency 
Dependence of Electrical Strength in Insulation. 
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Poly-Thermaieze®—Patent applied for. 
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m Best balance of overall properties without 
sacrifice of any one property! 


m High dielectric for thermal protection at 
operating temperatures (Class F 155C)! 


Cost reduction benefits through standard- 
izing inventory to one wire for most appli- 
cations! 


Any time your problem is magnet wire, 
consult Phelps Dodge for the quickest, surest answer! 


Dry-type | | 
Transformers PHELPS DODGE COPPER PRODUCTS 


CORPORATION 
INCA MANUFACTURING DIVISION 
FORT WAYNE, INDIANA 
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VARIDRIVES offer 
100 h.p. 
from I/4 h.p. up! 


a. . 
el i" 


NOW we offer 100 h.p. U.S. VARIDRIVE MOTORS, 
U From the time we offered the first 


VaRIpRIVESs 29 years ago, right on up the line to today’s 100 h.p. model, U.S. design ability 
has kept Vaniprives years ahead. With U.S. Vaniprives you are not limited to 40 h.p. As long 
as 12 years ago U.S. Motors offered its 50 h.p. model—then 60, 75 h.p.—and now 100 h.p. This 
leadership in design ability serves you, whatever VARIDRIVE you select, with special U.S. 
benefit features from the 1%4 h.p. model up! 

moos 


... send for 


U.S. ELECTRICAL MOTORS INC. Varidrive 


Bulleti 
Los Angeles 54 (P. O. Box 2058) California—or Milford, Connecticut No. F-1 797 
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RESEARCH Horizons 


Edited by Arex. E. Javirz, Special Features Editor 


Associate Editors for This Issue: Joun R. Riccs and RapHaet KesteNBAUM 


Recent Advances in Thermocouple Technology 


Tungsten/tungsten-26 per cent rhenium appears to be the optimum 

available refractory material for high-temperature thermocouples. 

Studies in non-metallic members indicate that the combination of high- 

purity graphite and tungsten provides best results. Radiation-field 

investigations show no gross effect on thermocouple performance. 
Novel method is proposed for emf determination. 


New techniques in construction and 
analysis of thermocouples were re- 
vealed at the Symposium on Temper- 
ature, Its Measurement and Control in 
Science and Industry, held in Colum- 
bus, Ohio, March 27-31, 1961. Jointly 
sponsored by the American Institute of 
Physics, the Instrument Society of 
America, and the National Bureau of 
Standards, this was the third such 
conference ever held in this country. 
The wide range of subjects extended 
from definitions of temperature and the 
establishment of temperature scales 
through principles and applications of 
various types of measuring devices to 
measurement methods in special fields, 
including high-temperature, cryogenic 
and astrophysical environments. 

A session dealing with physiological 
temperature regulation had implications 
for some of the critical human-factors 
problems related to space travel. It is 
significant that several papers in this 
session were based on work done by 
Department of Defense research labora- 
tories. Generally, however, the primary 
emphasis at the Symposium was on 
various aspects of high- and ultrahigh- 
temperature measurements. Summaries 
of several selected papers presented 
here deal, therefore, with high-temper- 
ature thermocouple materials, the effects 
of nuclear radiation, and determination 
of thermocouple emf by the temper- 
ature-gradient method. 


The Use of Refractory Metals for 
High-Temperature Thermocouples 


J. C. LACHMAN 
Hoskins MANUuFAcTuRING Co. 
Detroit, Mich. 


J. A. Me GURTY 
GENERAL Etectric Co. 
Cincinnati, Ohio 


High-temperature materials research 
(particularly in missile, rocket, space 
and nuclear fields) requires temper- 
ature measurements to 5000 F and 
higher with accuracy and precise con- 
trol. Consequently, there is a sharply 
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increased need for metals with improved 
thermoelectric properties. The few 
available materials for developing a 
conventional wire-type thermocouple 
for such temperatures and related en- 
vironments, and their approximate melt- 
ing points, are tungsten (6200 F), 
rhenium (5800 F), tantalum (5400 F) 
and molybdenum (4800 F). Tests in- 
dicate that, of all the possible combi- 
nations of the given elements, tungsten/ 
rhenium and molybdenum/rhenium 
have a high thermal emf and exhibit 
the most desirable high-temperature 
thermoelectric properties. These com- 
binations are potentially useful to about 
4000 F and 3200 F, respectively, in 
vacuum, hydrogen and inert-gas atmos- 
pheres. Actually, the better of the two 
combinations, tungsten/rhenium, pro- 
vides only a temporary solution to the 
high-temperature thermocouple prob- 
lem. It has a decreasing thermoelectric 
output at 2500 F, which results in a 
low thermal emf, imposes a 4000 F 
temperature limitation, and is not con- 
ducive to a high degree of accuracy 
even within the useful temperature 
range. 

Shortcomings of the unalloyed tungs- 
ten/rhenium thermocouple have led to 
the investigation of the thermoelectric 
properties of refractory metal alloys. 
Tungsten/rhenium alloys have the pri- 
mary requisite of very high melting 
points. This system, moreover, is avail- 
able in a wide range of terminal solid 
solutions, thus facilitating wire fabri- 
cation. Finally, substantial additions of 
rhenium suppress the ductile-to-brittle 
transition of tungsten, providing ma- 
terial with room-temperature ductility. 
Evaluation of various thermocouples 
with this system showed that tungsten/ 
26 per cent rhenium alloy in combina- 
tion with tungsten exhibits a high ther- 
moelectric power and a linear emf to at 
least 5200 F. This combination appears 
to be the optimum high-temperature 
thermocouple available to date, despite 
some problems encountered in handling 
unalloyed tungsten. 


Effect of Nuclear Radiation on 
Thermocouples 


M. J. KELLY, C. D. BAUMANN and 
W. W. JOHNSTON 

Oak Rivce NATIONAL LABORATORY 
Oak Ridge, Tenn. 


Operating experience with thermo- 
couples in nuclear reactors indicates 
that no gross effect is caused in ther- 
mocouple output because of the pres- 
ence of the radiation field. The most 
troublesome short-term radiation effect 
is ionization in the insulating materials, 
caused by bombardment in the reactor. 
This results in lower leakage resistance. 
There may also be a long-term de- 
gradation of the insulation. This may 
lead to thermocouple opening, thus 
yielding photovoltages. Nevertheless, a 
properly insulated thermocouple will 
perform as satisfactorily in a radiation 
environment as under normal condi- 
tions. The transmutation or nuclear- 
alloying-effect problem associated with 
a long-term exposure in a high neutron 
flux is usually neglected. Although the 
problem is significant only in elements 
of high nuclear cross-section which 
transmute to another element above 
102° nvt, in modern power reactors this 
total neutron exposure can be reached 
in less than ten days. 

One of the important research re- 
sults recently obtained exhibited the 
relation between the effective cross- 
section of the thermocouple and the net 
composition change of the materials in- 
volved. Thermoelectric materials having 
sizeable effective cross-sections are more 
likely to have their composition (and 
hence their electric potential) changed. 
Such is the case, unfortunately, for most 
thermoelectric materials suitable for 
use above 3000 F in nuclear experi- 
ments. In the order of acceptability 
for nuclear applications, some of these 
materials are: molybdenum, palladium, 
platinum, tungsten, rhenium, rhodium 
and iridium. 

The difficulty with rhodium subjected 
to radiation is that is converts to palla- 
dium by neutron capture, and the re- 
sulting fission product decays. Iridium 
appears completely useless, and the 
conversion of rhenium to osmium ne- 
cessitates a study of the thermoelectric 
properties of the Rh-Os system. 

It is important to note that this 
transmutation effect will result in erro- 
neous results only when the tempera- 
ture gradient is within the neutron field 
and will be at a maximum when the 
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high-temperature zone is small com- 
pared to the extent of the neutron field. 
This makes temperature measurements 
in and on experimental fuel elements 
especially susceptible to error. 


High-Temperature Thermocouples 
Using Non-Metallic Members 


E. FRANKS 
Morcan Crucis_e Co. 
London, England 


The use of non-metallic materials (such 
as graphite and silicon carbide) for 
high-temperature thermocouples is well- 
established. These materials do not 
vaporize or decompose until tempera- 
tures reach well over 2000 C, and they 
are not attacked by reducing atmos- 
pheres. However, reproducibility is 
usually poor and manufacture is more 
dificult than with conventional thermo- 
couple materials. The following experi- 
mental thermocouples were therefore 
subjected to an investigation of certain 
variables and performance: graphite/ 
graphite, silicon carbide/ graphite, sili- 
con carbide/silicon carbide and graph- 
ite/ tungsten. 

The experimental design adopted was 
a concentric construction, the central 
rod being joined to the outer tube by 
a graphite plug for the graphite couples 
and by a low-resistance silicon carbide 
cement for silicon carbide thermo- 
couples. Measurements of standard 
graphite materials for thermoelectric 
power were done against platinum at 
400 C, resulting in variations between 
20 and 50 pvolts/deg C. Spectrographic 
examination indicated that the main 
impurity was boron, which varied be- 
tween 0.01 and 0.2 per cent, respective- 
ly, for the stated outputs. A marked 
correlation was found to exist between 
the boron content and the output; this 
corresponds to the boronating of graph- 
ite in thermocouples. 

Other results of this study showed 
that a graphite of high purity forms 
the best thermocouple with tungsten. 
Graphite/graphite thermocouples of 
varying outputs likewise can be se- 
lected. 

The silicon carbide used for the 
thermocouples was designed as thin- 
walled tubes, the material being an n- 
type semiconductor. Several of these 
were tested against platinum at 400 C 
(as for the graphites). Outputs varied 
between 100 and 150 pvolts/deg C. By 
selection of a low and high output, an 
all-silicon-carbide thermocouple can be 
manufactured. 

The investigation indicates that it is 
possible to produce practical thermo- 
couples using graphite and silicon car- 
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bide by suitable selection of materials. 
Individual calibration seems to be 
necessary, but variations in use at tem- 
peratures up to 1750 C seemed to be 
small in the 100 hr of test. 


Gradient Approach to 
Thermocouple Circuitry 
R. J. MOFFAT 
Research Laboratories 
GeneRAL Motors Corp. 
Detroit, Michigan 


A novel method of determining the net 
emf of a thermocouple loop is based 
on considering the loop to have a 
temperature gradient. Normally, the net 
emf of a thermoelectric loop is ascer- 
tained by the sum of the emf’s gener- 
ated at the junctions of the loop. Loops 
which contain connector terminals, 
switches or even lead wires and instru- 
ment connections give rise to error in 
the temperature measurement by this 
method, unless these terminals are 
themselves considered as junctions and 
are included in the calculation. The 
gradient approach is simpler for multi- 
junctioned loops and can be approached 
graphically. 

From the 32 F point to Points 2 and 
4 in the thermocouple circuit shown 
in Fig. 1, there will be an emf generated 
due to a copper-Constantan couple in 
a gradient from 32 to 500 F. From the 
available data, it can be shown that net 
emf generated in this part of the circuit 
is 12.57 mv. On continuing through the 
Chromel-Alumel table, this emf would 
be 11.69 mv. The net emf is thus 24.26 
mv. 

The significance of the polarity of 
the emf in a thermocouple wire cannot 
be compared directly to that of a 
battery. A material is “positive” if the 
cold end is positive with respect to the 
hot end when a temperature difference 
exists. Similarly, a material is “nega- 
tive” if the cold end is negative with 
respect to the hot end. 

Figure 1 is solved graphically in Fig. 
2 by considering the contribution of 
each individual wire. Starting at Point 
1 and moving in copper through a 
region of increasing temperature to 
Point 2, line 1-2 is drawn parallel to 
the temperature emf line for copper 
(shown in Fig. 3), with its origin at 
zero circuit-emf and 32 F. The line 2-3 
is drawn to represent the emf generated 
in the Chromel wire between 500 and 
1000 F. From Point 3, the line 3-4 is 
drawn parallel to the Alumel emf line, 


Copper 2 Chromel 


Constantan 4 Alumel 


Fig. 1 — Thermocouple circuit using two 
pairs of thermocouple materials. 


200 400 600 800 
Temperature, deg F 
Fig. 2—Graphical solution for the net 


emf of the compound circuit shown in 
Fig. 1. 


200 400 600 800 
Temperature ,deg F 


1000 


Fig. 3—Emf as a function of tempera- 
ture for Chromel, copper, Alumel and 
Constantan. 


coming back from 1000 to 500 F. The 
circuit is completed by line 4-5, repre- 
senting the emf generated in the Con- 
stantan wire from 500 to 32 F. The 
magnitude and direction of the net emf 
are found from the ordinate of Point 
5. Point 1 is the “positive pole” of the 
compound circuit and the graphic re- 
sults agree with those obtained from 
available tabulated data. 

The graphical construction is always 
made using the net temperature differ- 
ence between the two ends of each wire, 
regardless of how the temperature 
change is effected. Hence, it is not 
necessary for the temperature rise to 
be uniformly distributed along the wire, 
if the wire is homogenous. The steeper 
the temperature gradient, however, the 
more important it is that the wire be 
homogeneous. A steep gradient might 
happen to fall in the inhomogeneous 
region and cause an error if the in- 
homogeneity had a _ temperature-emf 
characteristic which was different from 
that of the wire. 
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The Cadmium Sulfide Triode 


Ir Is NOT OFTEN realized that, under cer- 
tain conditions, insulating materials can 
pass relatively large currents. These cur- 
rents are space-charge limited and are in 
most respects quite similar to the familiar 
space-charge currents in thermionic vac- 


uum tubes. Currents of this nature have 
been observed in insulators, and devices 
based on the space-charge principle have 
been made. 

In the crystal of an ideal insulator, the 
valence band, which is full of electrons, is 
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separated by several electron volts from 
the conduction band. At room temperature 
and in absence of other means of excita- 
tion, the number of electrons in the con- 
duction band is negligible. If, by some 
means, electrons are introduced into the 
conduction band, they are free to move in 
the crystal and to drift as a current in an 
applied electrical field. There are many 
ways of introducing electrons into the con- 
duction band. We are interested here in the 
case of thermionic emission of electrons 
from a metal cathode. 

When a metal and an insulator are 
placed in contact, the flow of electrons 
from the metal to the insulator depends 
on their respective work functions. If the 
work function of the metal is less than the 
work function of the insulator, then elec- 
trons enter the insulator. With approp- 
riately matched work functions, the metal 
acts as a reservoir of electrons which can 
maintain, even at room temperature, rela- 
tively large current densities in the in- 
sulator crystal. A contact with this basic 
characteristic is called an ohmic contact. 
If the work function of the metal is larger 
than that of the insulator, then, on contact, 
the region of the insulator near the surface 
is depleted of electrons and a high barrier 
is formed so that the supply of carriers 
from the metal to the insulator is reduced 
to negligible proportions. Such a contact 
is called a blocking or rectifying contact. 
Both types of contacts are important in the 
devices to be described here. 

Figure 1(a) shows what happens when 
an insulator is placed between two ohmic 
contacts. An applied voltage fills the crystal 
with electrons injected from the cathode. 
The current created by these electrons 
through the crystal is limited by the space- 
charge effect. The current density is given 
by the equation 


Trap - free 


ed 
ee 
ee 


Current ,amp 


Fig. 2— Current vs voltage for a typical 
CdS crystal and one that is trap-free. 
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2 
J= wk X 10-8 amp/cm? 
where 


= mobility 

dielectric constant 
= applied voltage 
= electrode separation 


As an example, the current density through 
a 10-micron-thick insulator is approxi- 
mately 1 amp/cm? with 3 volts applied. 

The vacuum diode equivalent of Fig. 
l(a) is shown in Fig. 1(b). The current 
density is given by the equation 

73/2 

Pec 

L 

The voltage dependence in the two cases 

is different because the velocity of electrons 

in the solid is different from that in a 
vacuum. 

The expression given above for current 
density in the insulator assumes that all of 
the injected electrons are in the conduction 
band and applies only for an ideal or trap- 
free insulator. In general, however, real 
crystals are far from ideal and contain 
many imperfections such as traps or states 
within the forbidden band into which elec- 
trons fall and become immobilized. Traps 
drastically modity the current-voltage char- 
acteristic of an insulator. The two main 
effects of traps are to reduce the current 
and to cause the current to vary steeply 
with voltage. Figure 2 is a voltage-current 
plot of the steady-state space-charge cur- 
rent through a typical CdS crystal. The 
corresponding square-law current expected 
from an ideal, trap-free crystal is also 
shown, 

It should be apparent that space-charge 
currents are not observed in the common 
insulators because the crystals are imper- 


X 2.3 X 10-* amp/cm? 


Forward 
characteristic 


Reverse 
characteristic 


Fig. 3 — Characteristics of a CdS diode. 


Vacuum 


Fig. 1—Space-charge current in a CdS 
diode (a) and a vacuum diode (b). 


fect and contain a very high density of 
traps and also because the contacts tend 
to be blocking rather than ohmic. It is an 
interesting paradox that the purer and more 
perfect the crystal is, the higher the cur- 
rent it can pass. 


(b) Y% , volts 


Fig. 4— Cadmium sulfide triode (a) and 
grid characteristics (b). 
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A solid-state space-charge current recti- 
fier (the analog of the thermionic vacuum 
rectifier) has been made by the combina- 
tion of an ohmic contact and a blocking 
contact on an insulator (Fig. 3). In the 
forward direction, electrons are injected 
into the crystal from the indium ohmic 
cathode. In the reverse direction, the 
tellurium cathode is blocking and negligible 
current is passed. Rectification ratios in 
excess of 10° are easily obtained. 

The structure of a CdS triode made by 
Wolfgang Ruppel at the RCA Laboratories 
in Zurich, Switzerland, is, shown in Fig. 4. 
One side of the crystal has an indium 
ohmic cathode, while the other side has 
two tellurium electrodes. One acts as an 
anode and the other as a grid. The main 
current through the crystal is the space- 
charge limited current from the cathode to 
the anode. The grid is a blocking contact 
placed so that its electrostatic field can 
modify the cathode-anode space charge and 
thus modulate the current. The d-c input 


resistance is approximately 1011 ohms, 
since the grid resistance is essentially de- 
termined by the back current of the diode. 
The variation in anode current with nega- 
tive grid voltage is shown in Fig. 4(b). 
The corresponding transconductance is 10 
micromhos. The voltage amplification is 
about equal to one. The current (or power) 
amplification is then about 105. The fre- 
quency response of triodes of this type ex- 
tends up to 10* cps. The upper frequency 
limit is expected to be determined by the 
relaxation time of the injected space charge, 
which is the dielectric relaxation time of 
the insulator under the operating condi- 
tions of increased conduction brought about 
by excess carrier injection. The relaxation 
time is a minimum when all the injected 
charges are free, underlining the need for 
more trap-free insulator crystals. 

The electrode arrangement of the triode 
described is not, of course, ideal. At the 
present time, the CdS triode is not being 
used in any circuit. It has been suggested 


that it might be especially suited for ap- 
plications requiring a very small, filament- 
less, current-amplifying element of extreme- 
ly high input impedance. For example, it 
could be used in some circuits in which 
electrometer-type tubes are now used. The 
application and ultimate use of solid-state, 
space-charge devices will depend to a great 
extent on the advances that are made in 
the crystalline perfection of insulators and 
the techniques developed in realizing the 
optimum performance of the devices. In 
their present state of development, they 
cannot compete with semiconductor trans- 
istors. They are, however, promising devices 
with ultimate performance characteristics 
which are as attractive as those of some 
other devices that have been proposed. 

Editor's Note: This Research Note was 
abstracted, with the author’s permission, 
from a paper delivered at the 1961 Winter 
General Meeting of the AIEE by Roland 
W. Smith, RCA Laboratories, Princeton, 
N. J. 
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Ultrahigh-Temperature Plastics with Reactive Diphenyl Oxides 


Tuis REPORT describes a series of new com- 
pounds (now in pilot-plant stage) that are 
capable of being polymerized either to 
foams or hard thermosetting resins suitable 
for use as extremely tough binders, chem- 
ically as well as heat- and flame-resistant. 
Possible applications include ultrahigh- 
temperature insulation in rockets, nose 
cones, etc. The starting point for this de- 
velopment is diphenyl oxide (well known 
for its heat and oxidation stability). The 
present primary use for this material is as 
a component in high-temperature heat- 
transfer fluids. 

It has been found that when diphenyl 
oxide is treated with formaldehyde and hy- 
drogen chloride in the chloromethylation 
reaction, a series of interesting monomers 
results. Essentially, a “reactive handle,” ca- 
pable of polymerization, is incorporated in 
the diphenyl oxide nucleus. The reaction 
proceeds according to the following equa- 
tion: 


(px) +X HCl + X HCHO—~ 
: 
ci CHa prow cic 


‘ CH, CI 


CH, Cl 


CICH, 0 CHCl 


CH,CI 


Materials have been produced which con- 
tain 17, 25, or 32 per cent organic chlorine, 
depending on the degree of chloromethyla- 
tion. These chlorine percentages correspond 
quite closely to mono-, di- and trichloro- 
methyl dipheny! oxide. In addition to these 
mixtures containing specific chlorine con- 


CH, Cl 
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centrations, pure 4, 4'-dichloromethyl di- 
phenyl oxide has been made as well. 

When these materials are heated to 125- 
130 C at atmospheric pressure in the pres- 
ence of Friedel-Crafts type catalysts, poly- 
merization occurs and a thermoset foam 
results. The HCl evolved during polymeriza- 
tion acts as the blowing agent for the foam. 
The foams can be made to exhibit: 


a. density, 0.5 to 8 lb/cu ft 

b. compressive strength, 10-100 psi 

c. open or closed cells 

d. K-factor, 0.24-0.26 

e. self-extinguishing and flame-resistant 
characteristics, 


Although these foams have the same 
general appearance of phenolic foams, they 
are tougher, less friable, and have greater 
fire and heat resistance. For example, these 
foams will resist the flame of an acetylene 
torch. Any flame which results on contact 
with the torch is immediately extinguished 
when the torch is removed. Since the foam 
is a thermoset in nature, it will not melt 
or drip when exposed to high temperatures. 
In fact, a completely carbonized sample of 
the foam retained its original shape and 
compressive strength. 

It has also been found that chloro- 
methylated diphenyl oxide mixtures can be 
cold sprayed onto inorganic materials such 
as glass wool, asbestos rovings, etc., and 
then heated to foam on the inorganic mat. 
The resulting product is a foam filled with 
inert, inorganic fillers. For example, a board 
containing 50 per cent glass wool and 50 
per cent foam has been prepared which 
has a density of 6 lb/cu ft and a com- 
pressive strength greater than 200 psi. The 
flame resistance of this product is equal to 
or greater than that of chloromethylated 
diphenyl oxide foams without fillers. The 
resulting materials have application pos- 
sibilities where a combination of load-bear- 
ing ability and heat- and flame-resistance 
are needed. 

If the chloromethylated diphenyl oxide 


mixtures are heated to allow controlled 
polymerization, the viscosity can be ad- 
justed to any desired level. This material 
can then be used as a binder for inert 
fillers. For example, glass wool, flaked 
glass, perlite, asbestos, etc., have been 
bonded to form hard, tough, fire-resistant 
objects. An interesting example of the 
flame resistance of these materials is shown 
by the following: 

A 4x 4x % in. sample was prepared by 
thoroughly mixing 70 parts of perlite (a 
plaster aggregate) with 30 parts of chloro- 
methylated diphenyl oxide. The mixture 
was placed in a mold and cured at 135 C 
for 5 min at 250 psi pressure. The resulting 
board was placed on a stand so that the 
tip of the flame of an oxy-acetylene torch 
could be touched to the surface. After 6 
min of such exposure, no hole was burned 
through the sample. 

The test was terminated as a red glow 
appeared on the back side of the sample. 
The flame had penetrated approximately 
% in. into the sample and the depression 
was less than % in. diam. The hole showed 
that the perlite had melted into a glass and 
did not scatter or flake by flame erosion. 
High-silica glass was even better as a filler. 
The important point is that these samples 
neither burst into flame nor eroded during 
these tests. It can thus be seen that we have 
here a heat- and flame-resistant organic ma- 
terial capable of use as an adhesive or 
bonding agent for inorganic fillers. These 
materials should find utility where ultra- 
high-temperature insulation is required. 

By the addition of various modifiers and 
additives, properties can be achieved to re- 
sult in the most desirable ones for a par- 
ticular application, and the released acid 
can be controlled. 


J. D. DOEDENS and H. P. CORDTS 
The Aromatics Research Laboratory and 
The Technical Service and 
Development Laboratories 

Dow CuHemicaL ComPpaANy 

Midland, Michigan 
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Leak-Proof Low Voltage Bushings 
for its Network Transformers 


Consolidated Edison has long been a leader in fostering advances in the 
field of electric power. One long-sought goal has been a completely 
sealed network transformer, which would prevent troublesome, costly 
leakage and inhalation of moisture. To this end, Consolidated Edison 
has pioneered in the elimination of gasketing and low temperature 
solder seals from these units. 
Now, Alite hermetically-sealed low voltage bushings are helping 
Consolidated Edison achieve its goal. Here’s why Alite — the special 
high-alumina ceramic developed by U. S. Stoneware — is ideally 
suited to the task: 
* Alite can be metalized and brazed to metal parts, creating vacuum-tight 
bushings which are readily welded to the tank; 
¢ Alite provides mechanical strength characteristics and thermal shock 
properties far exceeding those of glass or porcelain; 
¢ Alite retains its superior dielectric properties even at elevated temperatures; 
WRITE FOR FREE ¢ Where required, Alite can be furnished with a smooth, hard, easy-to- 
HELPFUL BULLETINS clean high-fired glaze to assure high surface resistivity; 
e Alite is rugged, corrosion- and abrasion-resistant. 
Uniformly reliable Alite components may be just what you, too, need 
for those applications where service conditions are extremely severe 
or critical. Write us about your specific requirements. Our ceramic 
specialists will provide all possible assistance. 


Bulletin A-7R gives use- 

ful comparative data. 

Bulletin A-40 describes ae 

Alite facilities and Alite’s i 

complete line of Stand- New York Office 
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Pius or Minus 


Sorry — 

Caption Slip-Up! 

Usually a slip-up in a caption is blamed 
on a typographical oversight; in this 
case, we have to blame it on phonetics. 
In the article “Design Analysis of Ma- 
terials,” May 1961 issue, Fig. 3 (illus- 
trating the use of phenolic laminates 
in the redesign of a two-cell beacon 
lamp) was inadvertently credited to 
the Clevite Corporation; actually, the 
lamp was designed by the U-C Lite 
Manufacturing Company, Chicago, IIli- 
nois, and the laminate is supplied by 
National Vulcanized Fibre Company, 
Wilmington, Delaware. 


Reliability 

Readers who may be interested in pur- 
suing further any of the viewpoints 
expressed in our May 1961 discussion, 
“The Word is RELIABILITY,” will 
find that the names and addresses were 
given for all contributors but one. To 
correct this oversight, we note here 
that Clifford M. Ryerson, author of the 
“Semantic Problems in _ Reliability” 
essay, is President and Technical Di- 
rector of Ryerson Associates, Inc., 
product assurance consultants, 400 
White Horse Pike, West Collingswood, 
New Jersey. —A.E.R. 


More on 
Materials Education 


Some observation on the existing in- 
adequacies in engineering college 
courses in materials appeared recently 
in this department (“A Step Forward 
in Materials Education,” page 16, May 
issue). Some additional—and blunt— 
comment is provided by the head of 
the electrical engineering faculty at a 
West Coast university: 


“IT teach a graduate course in high-vol- 
tage systems which is primarily concerned 
with dielectrics and insulation. I find the 
students particularly ill prepared. We have 
students from various places around the 
world in this course, so this deficiency is 
not concentrated in one country. 

“I believe that the general lack in this 
subject area on the part of EE’s is due, in 
part at least, to the fact that most of the 
research in this area has been done by the 
chemists and we [engineers] tend to follow 
the physicists. 

“We could use some help from the out- 
side in getting the electrical properties of 
materials included in the ‘Engineering 
Science’ course on materials. At the present 
time this course, throughout the country, is 
taught by metallurgists. They do a fine job 
on classical metallurgy, but are unable to 
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cover the electrical properties which would 
include a reasonable amount on dielectrics.” 


Not that we don’t have much respect 
and affection for our physicists and 
metallurgists, but it looks to us as if 
the electrical engineers would do well 
to develop a realistic awareness of the 
contributions of the chemists to their 
work. It is only through such aware- 
ness (and the resulting exposure to the 
relevant literature) that the engineers 
can begin to acquire the fundamentals 
that underlie the properties, behavior 
and application of the many basic 
materials that they encounter in their 
practice. 

Our correspondent is good enough 
to add: “I have found the information 
on dielectrics and electrical insulation 
appearing in ELectro-TECHNOLOGY to 
be the most useful source in this sub- 
ject’ field. No other electrical publica- 
tions have done as much for the young 
engineer in this area as your publica- 
tion.” For this, many thanks, and also 
the observation that the publication of 
such information does as much for the 
“middle-aged” and “older” engineers 
as it does for the young ones. Surely, 
their need is equally acute! —a.£.J. 


ABC Soup—Second Helping 


There is much to support in the fine 
impatience displayed by my colleague 
Arnold Rudahl (POM, April issue, p 
16) with the use of acronyms and ab- 
breviations. But it would be unfortu- 
nate if we failed to make a sharp dis- 
tinction between just use of these lan- 
guage devices and their egregious use. 
Surely, in our impatience with the lat- 
ter, we do not want to “throw out the 
baby with the bath.” 

Contrary to my colleague’s opinion, 
there is nothing inherently snobbish 
about the use of such devices. The re- 
verse is more likely to be the case. 
Take a chemical term such as polytetra- 
fluoroethylene. Its use obviously im- 
plies the existence of a closed circle 
of professionals. Change the word to 
the abbreviation in use in England for 
many years, PTFE, and we have a 
democratic extension of the term that 
everyone can remember and understand. 
Or take our current acronym “maser”; 
isn’t it far more democratic in its use 
than “microwave amplification by stimu- 
lated emission of radiation?” Indeed, 
it is being adopted by the most demo- 
cratic medium we know, the TV com- 

(Continued on page 21) 
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New FANSTEEL Subminiature Snap-action Switches 


This new Fansteel switch line provides one basic single- 
pole double-throw type with drilled or turret terminals and 
a variety of toggle, push-button and lever-type actuators. 
Two- and three-gang assemblies are available, as well as 
special assemblies to your specifications. 

Design simplicity is the outstanding feature of the 
Fansteel subminiature switch. It has only two moving 
parts, the phenolic plunger and the cricket spring. These 
parts, as well as the fixed terminals, are jig-assembled 
as an integral unit. 

Dimensional accuracy of the switch is held to a maxi- 
mum production tolerance of +0.002 inches. Operating 
force tolerances are constantly accurate to + ¥2 ounce 
of the specified value. 

Accurate production methods plus few moving parts 
combine to give you a subminiature switch with per- 
formance dependability in excess of a million operations 
in life tests. The snap-action cricket spring carrying the 
movable contact provides high contact pressure and a 
contact wiping action in both make and break operations. 
The switch is extremely dependable under shock and 
vibration. It is designed to meet military specifications— 
MIL-S-6743, drawing number MS25085. 

The new Fansteel “Cricket” Switch is adaptable to a 
wide range of applications. Its precision and positive 
snap-action offer dependability and long-life. Its size and 
weight conserve space. The variety of actuators provide 
flexibility to meet a number of design requirements. Call 
your Fansteel Contact and Specialty Division represent- 
ative for more information. 


TERMINAL STYLES 
Drilled terminals 
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DEFINITION OF TECHNICAL TERMS: 


Operating force—The minimum force applied to the switch 
plunger at the operating position to cause snap-over of 
the moving contact. 

Release force—The maximum force applied to the switch 
plunger at the position when the switch snaps back. 
Pretravel—The length of plunger travel in moving from the 
free position to the operating position. 

Overtravel—The length of plunger travel available between 
the operating position and the limit of travel in that di- 
rection. 

Movement differential—The length of plunger travel be- 
tween the operating position and the release position. 
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ELECTRICAL SPECIFICATIONS 


Amperes Voltage Load 
5.0 125 to 250 ac Inductive or Resistive 
Inductive 
2.5 30de (to 50,000 ft. alt.) 
4.0 30 de Resistive 


insulat 


MECHANICAL SPECIFICATIONS 


Over- Movement 
travel Differential 


015in. .005in. .003in. 
max. min. max. 


Operating Force Release Force Pretravel 


4-5 oz. 1 oz. min. 


OPERATING TEMPERATURE 
— 65°F to 200°F 


ae aol) 
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WEIGHT (BASIC SWITCH) 
0.005 Ib. each max. 





OPERATING 


PRECISE 
PLUNGER FREE 
ACTION POSITION 
SNAP-OVER 
POSITION 

PRETRAVEL 0.015-IN. MAX. 
POSITIVE [r 
SNAP-ACTION c-C 


NO fro} ° h 
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ee SPECIFICATIONS AND ACTUATORS FOR BASIC SWITCH 


2-56 x 2 R.H. machine screw TYPE SA-1 TYPE SA-11 
For General Duty, Same as SA-1 but 
Infrequent or low- with lighter oper- 

— speed actuation ating force 





Gnerating Taree. . os... ID ORK ods ce cde 
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SA-2 3/16 Dia. x ‘e wide 
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TYPE SA-2 
For Frequent or 
high-speed actuation 


oe oo 





operating force......... 
release force........... 


2-56 x '2 8.H. machine screw 


6c eeecaceeees 0.078 in. 
a 0.015 in. 
oe ane movement differential... 0.031 in. 


ene 


—>| -.041 Dia 


TYPE SA-3 
For applications 
requiring minimum 
operating force 





operating force......... 
release force........... 
I ig x's watson 0.093 in. 
OVONMTAVE! 2... ccc ccccene 0.031 in. 
movement differential. . .0.031 in. 
NERY, cr waave covenes 0.010 Ib. 


FT Song 





2-56 x '2 R.H. machine screw 


313 Pretravel SA-13 TYPE SA-12 TYPE SA-13* 
For near-simultaneous __ For near-simultaneous 


amet hee 









action of two basic action of three basic 
z switches (2-gang) switches (3-gang) 
t Operating Toree. 2... 6.6 ER OB rcccsces 
eae Ne ‘ sd polegee 1OFCO. .. 6.5.05. BOR cccvccces 
eek eto EEL oe Is eel adiaranarastog i Witia saws 





~+———— .828 ———» 


i, ee, 0.015 in. 
movement differential... 0.031 in....... 0.031 in. 
a wake 0.016 Ib. ...... 0.023 Ib. 


2-56 R.H. machine screw 


SA-13* 
DPDT 3PDT 
pe (2-Gang) (3-Gang) 


| RELEASE FORCE 
0.375 0.625 
eee 


INE 0.562 0.812 


SNAP-BACK c ¥% inch linch 
POSITION 





*Type SA-13 shown 


A. 


SUBMINIATURE TOGGLE SWITCHES 


All toggle switch hardware is made of stainless steel. Type 
T100 series are available with %4-inch dia. mounting 
bushing. Type T7200 series are available with '%-inch 
dia. mounting bushing. 


T101-SM T102-SM T103-SM* 

SPDT DPDT 3PDT 

(1-Gang) (2-Gang) (3-Gang) ; 
0.641 0.750 0.750 om 

0.781 0.828 0.828 "eal i is ' 
0.391 0.656 0.937 1 ia 5 


ae nama gear mama > 9mm 5 Ti ae as 
Weight 0.02 Ib. 0.03 Ib. 0.04 Ib. : 


*Type T103-SM shown eer sera cist T203-SM 


T201-SM T202-SM T203-SM* 
SPDT DPDT 3PDT 
(1-Gang) (2-Gang) (3-Gang) 


0.750 0.750 0.750 

0.781 0.828 0.828 

0.391 0.656 0.937 
Weight 0.04 Ib. 0.05 Ib. 0.06 Ib. 


*Type T203-SM shown 


SUBMINIATURE PUSH-BUTTON SWITCHES 


Type P200 series push-buttons are black phenolic; Type 
P100 series are stainless. All other hardware is stainless 
steel. P100 series are available with %4-inch dia. mounting 
bushings; P200 with '%-inch dia. mounting bushings. 


P101-SM P102-SM P103-SM* 
SPDT DPDT 3PDT 
(1-Gang) (2-Gang) (3-Gang) 


0.640 0.750 0.750 

0.781 0.828 0.828 

0.391 0.656 0.937 
Weight 0.02 Ib. 0.03 Ib. 0.04 Ib. 


Operating 
Force 16 oz. 22 07. 34 oz. ELECTRICAL CONTACTS AND SPECIALTIES DIVISION 
*Type P103-SM shown North Chicago, Illinois 


P203-SM 


P201-SM P202-SM P203-SM* 
SPDT DPDT 3PDT RECTIFIER-CAPACITOR DIVISION 


(1-Gang) (2-Gang) (3-Gang) Tantalum capacitors, silicon rectifier 
cells and stacks, Zener diodes, selenium rectifiers. R 6 
0.750 0.750 0.750 


0.781 0.828 0.828 CHEMICAL AND METALLURGICAL DIVISION 


Refractory metals 
0.391 0.656 0.937 Ta, Mo, Cb, W and alloys in rod, ingot, sheet, tube. = Mv 
Weight 0.03 Ib. 0.04 Ib. 0.05 Ib. 


Operating Tungsten and carbide cutting tools, drill bits, Vi P 
Force 16 oz. 22 oz. 34 oz. cast precision parts. ‘ 


*Type P203-SM shown 020-101 Litho in U.S.A. 


VASCOLOY-RAMET DIVISION 





mercial! It might be advanced as a 
sound premise that, given a rational 
derivation of an acronym or abbrevia- 
tion, then there is no reason why there 
should be “no rational way” to find 
this derivation, and thus its meaning. 

There is still another aspect of an 
over-drastic attack on acronyms and 
abbreviations that worries this editor. 
He hopes it will not lead to eventual 
elimination of fine old terms that have 
been with us for generations and that 
in one way or another are tinged with 
nostalgia. Who wants to do away with 
Q.E.D., our first memory of exposure 
to Euclid? Or what about our more 
protean PDQ? Our P’s and Q’s? And 
a few others that come to mind that 
may not be printed in a family journal 
of science and engineering! 

So let’s not be too harsh with our 


. . re | 
abbreviations—OK ? —A.E.J. | 


e @ 


THIS MONTH’S COVER 


Electro-Technology 


oF Somme A Bagunannng @ the Blecuica Electron. Fait 


This month’s cover by artist Jan Van 
Eerde depicts two types of dynamic mech- 
anisms — gears and bearings — which are 
particularly subject to the destructive ef- 
fects of wear. A metal surface reveals 
small peaks (asperities) and valleys on 
microscopic examination. As two surfaces 
are placed in conjunction (as at lower 
left of cover), the asperities touch and 
surface contact is established in extremely 
small areas. As an increasing load is put 
on the bearing surfaces, the asperities are 
crushed down plastically and welding 
takes place. In order to start sliding, 
these welds must be broken by physical 
force. This results in the tearing off of 
bits of the metal surface (wear), with 
resultant damage to the metal. By inter- 
posing a special substance (lubricant) 
between these contacts before sliding oc- 
curs, the condition can be reduced con- 
siderably through separation of the sur- 
faces and prevention of contact of the 
asperities. This month’s Science & Engi- 
neering article on “Wear of Materials” 
begins on page 95. 
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new thin tape... 


MYSTIK BRAND 


PD 456 ISOCYANATE-COATED 
GLASS CLOTH TAPE 


Now, Mystik offers you a glass cloth tape so thin it calipers 


at a bare .0055”.. .yet it has a whopping dielectric strength 
of 4500 volts A.C.! This tape is excellent for coil winding or 
for motor and electrical applications where encapsulating 
compounds are used. Its isocyanate coating resists moisture 
and is not affected by environmental conditions which could 
cause electrical breakdowns. Its thermo-setting adhesive 
makes a tough bond that shows good resistance to rocket 
fuels. Because of its thinness and high dielectric strength, 
PD 456 is especially useful when miniaturization is a prime 
objective. And itis readily wettable by most epoxy-type resins 
—which gives you a construction free of voids and hot spots. 

For more information about our new PD 456 tape, and 
other Mystik Brand tapes for the space age, write today to: 


® 


MYSTIK ADHESIVE PRODUCTS, INC. 


2635 N. KILDARE AVENUE +- CHICAGO 39 
SELF-STIK 
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+ high dielectric strength 


Ultronix, Inc., San Mateo, Calif. 
manufacturer of quality electronic 
components, effectively utilizes PLASKON 
putty-type Alkyd in resistor production. 
The resistor pictured above in several 
stages of assembly includes an ingenious 
combination of three Alkyd parts— 

each one molded within the other— 

@ most severe test of dimensional 
stability, moisture resistance, 

and consistency in performance. 

This resistor is built to meet or exceed 
all requirements of MIL-R-93B and 
MIL-R-9444, 


PLASKON Alkyd Molding Compounds 
are outstanding for the qualities most 
necessary in molded parts for 
electronic and electrical applications. 
Competent Plaskon representatives 
will be glad to discuss material 
recommendations and fabricating 
techniques to fit your performance 
requirements. Telephone your local 
Pilaskon representative or write to: 


PLASTICS 


40 RECTOR STREET, 
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Encapsulation with 

putty-type Alkyd satisfies 

need for reliability by 

resistor maker and customers. 


Today’s creative engineers design with 
PLASKON Alkyd in mind for the man- 
ufacture of delicate electronic compo- 
nents. Here are reasons why electronic 
engineers prefer PLASKON putty-type 
Alkyds as the encapsulation medium: 


Simple to fabricate . . . molds quickly 
at extremely low pressures... permits 
rapid production cycles. 


e Clean to handle... nothing to mix. 


e Dimensional stability prevents dis- 
tortion or damage to delicate inserts. 

e Coefficient of linear thermal expan- 
sion is similar to that of popular wire 
alloys...reduces strain in service... 
aids the functioning of encapsulated 
units. 

@ Thermal conductivity helps to dissi- 
pate heat faster, resulting in less change 
in resistance value before and after 
encapsulation. 


@ Available in colors, for coding. 
@ More economical than most encapsu- 


lating processes. 
A lied 
t 


DIVISION ( aTetantierel 


NEW YORK 6,N.Y. 


BASIC TO AMERICA’S PROGRESS 





Differential-I nput X-Y Oscilloscope 


DC-TO-450 


TYPE 503 


iT) tubes and all components 


readily accessible 


for easy maintenance. 


v7 
es 


a 
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TYPICAL APPLICATION 

Adjusting Insertion Characteristics of an X Band 
Filter. Instrumentation includes a Tektronix Type 
503 Oscilloscope working in conjunction with 
ALFRED Model 626 Microwave Oscillator and 
Model 708 Microwave Filter. 


Photo courtesy of ALFRED ELECTRONICS, Palo Alto, California 


The Type 503 Oscilloscope contains practically 
identical vertical and horizontal amplifiers—as well 
as a wide-range of calibrated sweeps. The two ampli- 
fiers supply an accurate means for plotting curves 
using the X-Y method of operation. Both amplifiers 
offer single-ended inputs for conventional operations, 
or differential inputs for cancellation of common- 
mode signals—with four input-ground switches pro- 
vided for quick ground-reference check. 


With the differential-input X-Y feature, linear 
sweeps, and dependable triggering—combined with 
simplified circuitry and quality components, functional 
layout and minimum controls, light weight and small 
size for a 5-inch oscilloscope—the Type 503 ideally 
suits most applications in the dc-to-450 ke range, 
either in the lab or in the field. 


For a demonstration of the Type 503 Oscilloscope, or RM503 
(rack-mounting model) call your Tektronix Field Engineer. 


TYPE 503 SPECIFICATIONS 


Vertical and Horizontal Amplifiers 
Frequency Response—dc to 450 kc (at 3 db down). 
Sensitivity—1 mv/cm to 20 v/cm in 14 calibrated steps. 
Continuously variable uncalibrated from 1 mv/cm to 
50 v/cm. 
Differential input and constant input impedance at all atten- 
uator settings. 
Sweep Range and Magnification 
Linear Sweeps—1 usec/cm to 5 sec/cm in 21 calibrated rates. 
Continuously variable uncalibrated from 1 usec/cm to 
12 sec/cm. 
Sweep Magnification—2, 5, 10, 20, or 50 times. 
Triggering Facilities 
Fully automatic, recurrent, or amplitude-level selection on 
rising or falling slope of signal, with AC or DC coupling, 
internal, external, or line. 
Tektronix Cathode-Ray Tube 
5-inch crt at 3KV accelerating potential provides bright trace 
(even under high ambient light) on 8 cm by 10 cm viewing 
area. 
Amplitude Calibrator 
500 mv and 5 mv peak-to-peak square-wave voltages available 
from front panel. 
Regulated Power Supplies 
All critical dc voltages—and the input-stage heaters of both 
amplifiers—are electronically regulated. 
—, os Weight 
4" high x 9%" wide x 211%” deep—approximately 29 pounds. 


sy 503 Oscilloscope 


Rack-Mounting Model Also Available 
(dimensions are 7” high by 19” wide by 16/4” deep) 


(prices f.0.b. factory) 


Tektronix, Inc. P.O. Box 500 * Beaverton, Oregon * Phone Mitchell 4-0161 * TWX—BEAV 311 * Cable: TEKTRONIX 


reve —— OFFICES: Albuquerque, N. Mex. « Atlanta, Ga. « Baltimore wson, Md.) « 


athrup Village, Mict 
ee ieee Angeles, Calif 
N.Y, ¢ San Diego, Calif 


TEKTRONIX ENGINEERING REPRESENTATIVES: 


San Fra Palo A f.) ¢ Stk r g 


In Europe please write Tektronix Inc., Victoria Ave., St. Sampsons, 


Guernsey C.l., 


(Lexington, Mass * Buffalo, N.Y. + C hicago (Park Ridge, I * Cleveland, Ohio » © allas, Texas « Daytor 
s e Indianapolis, Ind. « K a ty (M Kan.) e Los Angeles Area (East Angeles, ( 
h ° Pt phia, P ¢ Phoenix tt 


iin " 


ring organizat 


for the address of the Tektronix Representative in your country 


JULY 1961 Circle 113 on Inquiry Card 23 








New IBM Inventory Management Simulator 





Fs 
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Management pre-tests inventory 


How often have you wanted to peer into the future... 
see the probable results of your inventory policy? 
Now you can. An IBM data processing technique— 
Inventory Management Simulation—establishes 
the computer as an invaluable management tool 
for problem solving and decision making. 

This technique lets you test and evaluate alter- 
nate plans electronically without disrupting pres- 
ent operations. In effect, it lets you turn hindsight 
into foresight. 


Simulation is performed by creating within the 
computer a mathematical model of an inventory 


control system. Then the model is subjected to 
various demand situations. In every case, the com- 
puter reports what would have happened had this 
particular system been used to handle each situa- 
tion. Of course, both the model and the demand 
factors can be endlessly varied. 


Here’s the important thing: Through simulation, the 
trial-and-error method of determining a course of 
action is performed within the computer—not 
during the course of your firm’s business. This 
gives you a fast way to test plans under a wide 
range of conditions before actually putting them 





QUANTITY 
es 


g 


LOOKING AHEAD. Management has run a computer simulation of a proposed inventory plan. Company executives (above) now 
examine charted results showing how the plan might work, what problems might arise, where improvement might be sought. 
Print-out sheet (below) from an IBM computer contains facts needed to judge long-range results of a given inventory con- 
trol plan. Inventory Management Simulation takes much of the guesswork out of planning. 


decisions with electronic speed 


to use. Unprofitable or inadequate courses of ac- 
tion show up in advance. You avoid them. And you 
select with confidence the system best suited to 
your firm’s objectives. 
Getting started. If you are an IBM customer, you 
can take advantage of the Inventory Management 
Simulation Program at once. IBM helps you collect 
the facts you need...and* helps you set up a com- 
puter program to analyze them. 

Ask your IBM representative to show you how 
this new technique can uncover your most effective 


inventory policy. 
IB M. 


DATA PROCESSING 
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NOW—WESTINGHOUSE 6 basic types, including neni designs 
“BL ACK LINE” CONTROL ae — 60 standard ratings from .025 
TRANSFORMERS COVER Overnight delivery from standard stocks 
ALL VOLTAGE AND i factory ai special designs 
FREQUENCY REQUIREMENTS you can be sure . . . if it’s Westinghouse 


TYPE MTA 
Newly designed — 


New design with high 


terleaved windings 
(in ratings above 150 
va)—ideal for appli- 
cations with high in- 
rush currents, opti- 


mum re ; 


cially suitable for ma- 


other applications 


where mounting 
critical and 


ELECTRO-TECHNOLOGY 





JULY 1961 Circle 115 on Inquiry Card 





POSITIVE SERVO SYSTEM STABILITY 


...now possible because Beckman velocity-damped 
servomotors replace complicated rate-feedback systems! 


Stability is one of the major prob- 
lems facing today’s servo systems 
designer. A damping technique of 
some type must be used when it is 
important that motors follow high 
gain input signals without oscilla- 
tion or instability. 

What’s the best method of achiev- 
ing stability? Helipot’s answer is 
the Velocity-Damped Servomotor — 
with unique advantages over any 
other damping technique. These 
units introduce viscous friction, or 
damping, into the servo system by 
greatly simplified and extremely re- 
liable electro-mechanical means. 
Compare this to the damping gener- 
ator. Velocity-damped servomotors 
can be used in nearly 80% of the 
applications where motor-generators 
are now being used. These new 
Helipot units eliminate amplifier 
feedback channels as well as the null 
voltage and phasing problems associ- 
ated with motor-generator feedback 
loops. And velocity-damped units 
are more reliable, lighter in weight, 
smaller in size, and lower in cost. 


Let’s examine the facts. 


Position versus Time 


Step 
Input 
with 
Limits 


Position 


Time T2(MG or VM) 7; (Motor) 
Motor 


Here’s what happens. The figure 
above plots position against time, 
assuming a step input. It illustrates 
the difference in settling time be- 
tween a standard servomotor and a 
Beckman Velocity-Damped Servomo- 
tor. Note that the velocity-damped 
unit, while not reaching its position 
as fast as the servomotor, does damp- 
en out much sooner. 


JUST HOW DOES VELOCITY-DAMPING 
WORK? 


A magnetic damper section, consist- 
ing of alow inertia drag-cup integral 


Br -62002-06 
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with the motor shaft and two fixed 
permanent magnets, is attached to 
the servomotor in much the same 
manner as a generator. Currents are 
induced in the cup as it rotates 
around the magnets. The force ex- 
erted on the cup results in a retard- 
ing torque, or damping effect, on the 
motor shaft. 


And this is adjustable damping. It’s 
possible because polarity between 
the two magnets is variable, provid- 
ing a means by which the total forces 
due to induced currents can be ex- 
ternally controlled. Even with the 
motor in operation, the amount of 
damp can easily be adjusted by set- 
screw and locknut. 


WHERE CAN VELOCITY-DAMPED UNITS 
REPLACE MOTOR-GENERATORS? 


The damping effect of velocity- 
damped units is directly proportional 
to speed in the same way that gener- 
ators produce a feedback voltage pro- 
portional to speed. It follows that 
the two are theoretically interchange- 
able in position servo application. 


And they are—up to 80% of the time. 
Their use is limited only where more 
damping is required than can be ob- 
tained from the two magnets. The 
factor here is one of physical size 
alone. 


WHAT SPECIFIC ADVANTAGES DO 
VELOCITY-DAMPED UNITS HAVE? 


You’ll find that Beckman velocity- 
damped servomotors have 7 big 
plusses when compared to motor- 
generators. Take a look. 


1. ELIMINATE NULL VOLTAGE AND PHAS- 
ING PROBLEMS by replacing rate-feed- 
back loops with magnetic damper sec- 
tion. 


2. MORE RELIABLE because there is 
one less stator and its associated 
winding. 


3. DAMPING ADJUSTMENT eliminates 
the need for trimming of circuits. 
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4. CONSUME LESS POWER because of 
the energy stored in the permanent 
magnets. 


5. REDUCED TEMPERATURE SENSITIVITY 
due to direct application of drag 
torque to rotor. 


6. SMALLER SIZE AND LIGHTER WEIGHT 
in sizes 11, 15, and 18. 


7. AND...LOWER IN COST IN ALL SIZES! 


Maximum Differential 
Range 
dyne cm. sec/rad. 


8 9008-1301-0 
8 9008-1302-0 
11 9011-1301-0 


*Higher maximum damping is available at a sacrifice 
of differential range. 


Beckman Velocity-Damped Servomo- 
tors are available in the above models, 
and also in sizes 15 and 18. They’re 
precision-built by Helipot to give 
you a more effective method of over- 
coming stability problems. 


The Beckman Size 8 and 11 Velocity-Damped 
Servomotors 


WANT MORE INFORMATION? Detailed 
specs and additional product facts 
are included in the Beckman Size 
8-11 Servomotor Catalog. It also con- 
tains all necessary transfer function 
equations for the calculation of your 
damping requirements. To get a copy, 
call your nearest Helipot Sales Engi- 
neering Rep or write direct. 


INSTRUMENTS, INC. 
HELIPOT DIVISION 


Fullerton, Calif. 
POTS : MOTORS : METERS 
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Standard Series Types comprise most in- 
dustry types such as 1N1730-34, 1N2878- 
2925, 1N2378-2385, 1N3052-3061, and others. 


High Reliability Types include the LT1000 
series, and are specifically designed for long 
life performance. These highly reliable units 
will perform under the most extreme condi- 
tions with no time degradation. 


Tube Replacements Rectifiers, 1N 570, 
1N1262, 1N2630 through 1N2636 are 
designed for replacement and new design 
usage. 


Custom Rectifiers are designed for any 
application and any configuration for which 
standard types will not satisfy. 


Please direct inquiries for prices and 
product data information to: Micro- 
modular Components Division, Dept. 
751, P.O. Box S-1, Anaheim, California. 


S 
ING-TEMCO ELECTRONICS, INC. 


MICROMODULAR COMPONENTS DIVISION §§ P.O. BOX S-1 JJ ANAHEIM, CALIFORNIA M@ JEFFERSON 4-6000 
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Direct Logic Input Switch gener- Modular Lighted Push-But- 
ates single square wave output ton Switches offer custom- 
pulse in synchronism with an ized combinations of eight 
external clock pulse with each different basic switches and 
operation. Saves engineering time dozens of colored display 
needed to develop flip-flop and screens. Smart styling and 
gating networks for synchronizing enough flexibility to fit your 
one-shot circuits. Variations avail- control panel’s design exactly. 
able to fit a wide variety of clock They simply snap together 
pulse rise times, voltages and - and then snap into your panel 
quencies and d-c supply voltag¢s —all without tools. Display 


Write for Data Sheet 172. screens can be engraved. 
Write for colorful Catalog 67. 


Decimal-to-Binary Switch Space-saving 
answer for computer control panels. W ir- 
ing requires fewer connections than 
wafer-type rotary. Snap-action gold con- 
tact, switching elements are enclosed and 
tamper-proof. Requires only 1.3 square 
inches of mounting surface on control 
panel. All operating positions are de- 
tented to give the operator positive feel of 
the switching action. For MICRO SWITCH 


reliability write for Data Sheet 170 Door Interlock Switches Used on hazardous 


equipment cabinets to cut off power when serv- 
ice door is opened, Complete line is available in- 
cluding high-temperature, environment-free and 
subminiature models. A two-switch model con- 
trols two circuits simultaneously. Special design 
of brackets eliminates dangers of “tying down” 
that could occur with conventional type inter- 
locks. Write for Data Sheet 186. 


ELECTRO-TECHNOLOGY 
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In electronic equipment... 


SWITCH 
RELIABILITY 
SAFEGUARDS YOUR 
PRODUCT’S REPUTATION 


If you manufacture electronic equipment, remember that the 
success of your product often depends on a switch. The design 
of switches for complex electronic applications is a specialty. 
By specifying MICRO SWITCH Precision Switches you can 
open new possibilities for automatic control. You can also be 
sure of precision and reliability that is thoroughly tested in 
the industry’s most complete test laboratory for small and 
subminiature switches. Find out about the important new 
switch ideas being added to the MICRO SWITCH line, every 
one with MICRO SWITCH reliability. 


MICRO SWITCH ... FREEPORT, ILLINOIS 
A division of Honeywell 


In Canada: Honeywell Controls, Limited, Toronto 17, Ontario 


Honeywell 


MICRO SWITCH Precision Switches 


HONEYWELL INTERNATIONAL 


Sales and service offices in all principal cities of the 
world. Manufacturing in United States, United King- 
dom, Canada, Netherlands, Germany, France, Japan. 
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more HAPPY BIRTHDAYS 


for your products... 


when you build in 


R&aM MOTOR PARTS! 


Your products may encounter damp or dusty atmos- 
pheres. They may be bumped or dropped. Their 
motors may be overloaded and abused, the switches 
flicked on and off a hundred times a day. Yet cus- 
tomers expect instant, ample power every time .. . 
for years and years! 

Robbins & Myers Series-Wound (Universal) and 
Induction Motor Parts can increase your products’ 
life expectancy, whether you make portable tools for 
farm, home or industry; household appliances; busi- 
ness machines; or other power-driven items. 

R&M engineers will select—or help you select— 
exactly the right size, shape and weight motor parts 


to fit your limitations. Parts are precision-built, using 
modern manufacturing techniques—an outstanding 
example is R&M’s machine-wound armatures (details 
at right). Quality materials assure dependable, long- 
life performance under severe operating conditions 
and high speeds. And, R&M’s high-volume produc- 
tion means low unit cost, to help keep the price of 
your products competitive. 

Standard R&M Motor Parts are available in a large 
variety of mechanical details and electrical charac- 
teristics. Should performance requirements be unique, 
R&M also offers custom-designed parts. Write today 
for Bulletin 445A-ET. 


ROBBINS & MYERS, INC., Springtield, Ohio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moynog!ndustrial Pumps 


Propeliair, 


© Industrial Fans * R&M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 
Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario. 
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ROBBINS & MYERS PRECISION 
MACHINE WOUND ARMATURES 


New R&M armature winding techniques provide longer, 
more dependable service. Coils are wound simulta- 
neously and are exactly identical, assuring identical elec- 
trical and physical characteristics. Coils are uniformly 
positioned and anchored securely. Interlocked winding 
pattern resists conductor and coil end movement... . 
minimizes abrasion of wire insulation, a common cause 
of high speed armature failure. Maximum coil end ex- 
posure permits greater heat dissipation, prolonging arma- 
ture life. Uniform electrical characteristics reduce arcing 
at brushes, improving commutation and lengthening 
brush life. 


FHP MOTOR PARTS 





TIME DELAY 


Limit Switch 
Bulletin 802T 


TIME DELAY 


Push Button 
Bulletin 800T 


nha 
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Adjustable From 1 to 15 Seconds 


This new Allen-Bradley development should solve 
such occasional problems where, upon the operation 
of the push button or limit switch, a slight time delay 
should occur. Time delay is adjustable up to 15 
seconds —and it can also be introduced when “‘stop- 
ping” the operation—but not in both the “starting” 
and “‘stopping” cycle. 

Both push-button and limit switch are relatively 
low in cost—ideal for applications where a delay of 
only a few seconds is desired, and where the repeti- 


ALLEN- BRADLEY 
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tive accuracy of the Allen-Bradley Bulletin 849 time 
delay relay is not necessary. Both units have single 
pole, double break contacts—either normally open 
or normally closed. They are no more difficult to in- 
stall than the corresponding units without the time 
delay feature. 

Machine tool and production system designers 
should have full information in their files on these 
new Allen-Bradley time delay push buttons and limit 
switches. It is yours for the asking. Write today. 


QUALITY 
MOTOR 
CONTROL 
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This label Is your passport to priority on 10,000 flights daily 


Ever wonder how the loading crews at the airport handle shipments bearing the red, white, and blue 
AIR EXPRESS label? Gently — with real kid-glove handling. Fast, too. /n fact, of all packages, they’re 
first on, first off. Special AIR EXPRESS trucks (there are 13,000 of them) come and go throughout the 
day. Their job is to pick up and deliver door-to-door at both ends of the flights. Does this give you 
any ideas about your own shipping problems? Then call aia 

AIR EXPRESS and find out how /ittle it costs to put this ase 

skilled shipping team to work for your company. Once you Al ae > - 

do, you will always think AiR EXPRESS first! Call now. 


& CALL AIR EXPRESS DIVISION OF REA EXPRESS °¢ GETS THERE FIRST VIA U. S. SCHEDULED AIRLINES 
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Master control station governs operation of entire 
liquid polish packaging line. Operator can stop, start, 
, speéd up or slow down production at will. All parts 
of the Syncro-Range Drive system maintain exact synchronization — 
avoiding jams or bottlenecks through precise coordination 
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The key components of the Syncro-Range Drive... 


Adjustable Frequency «and Standard or 
Power Supply... Syncro-Spede Motors! 


LOUIS ALLIS SYNCRO-RANGE DRIVES 
automate liquid polish lines 


Johnson’s Wax, renowned wax and polish 
producer, uses Syncro-Range Drives 
for exact control of process lines 


Controlling speed of the precise, mass-production lines for their new, highly successful 
liquid shoe polish was the task Louis Allis engineers had to solve for Johnson’s Wax. 


The problem was to time the flow of plastic bottles, liquid polish, wool daubers, 

and caps into the packaging lines at precisely equal rates. Flow rate must be adjustable 
so the lines can be slowed down or speeded up. And the entire packaging operation 
must be controllable from a single master control. The Louis Allis Syncro-Range 
Drive solved the problem. 


Syncro-Range Drives provide synchronized speed of any number of motors from a single 
control. It is a “packaged system” comprising an adjustable-frequency power supply 
operating on 3 phase, 60 cycle power input... a group of Syncro-Spede® 
motors which maintain exact synchronism regardless of varying load . . . and a 
control which permits the speed of the entire group of motors to be simply adjusted 
without losing synchronization. On applications for which exact synchronism is not 
required, standard squirrel-cage motors can be supplied. 
You can readily see the advantages of the Syncro-Range Drive in systems or 
processes which require synchronized movement: multiple conveyors which feed 
consecutively; transfer lines; process lines; assembly lines requiring coordinated arrival 
of components; printing where one press feeds another; synthetic fibre spinning, 
drawing, or twisting; metal runout tables; and many other similar continuous-process 
machines which require the application of power at a number of points on the machine. 
The Syncro-Range Drive is available with a choice of drive sizes to efficiently control 
from 2 to 200 (or more!) standard or Syncro-Spede motors of the same or different 
horsepower ratings. The Syncro-Spede motor is an A-C synchronous induction motor 
without slip rings or D-C excitation. It requires no more upkeep than a standard, 
squirrel-cage motor and can be supplied in open drip-proof, enclosed, or nn 
proof enclosures with mechanical modifications to match your requirements. 
A sophisticated selection of contro] features are available in the system, utiading 
motor starters, main line circuit breaker or fusible disconnect switch, speed adjustment, 
speed indicator, remote control, and automatic control governed by temperature, 

pressure, or flow sensing devices. Controls can provide speed regulation accurate to 
0. 1% with 0% relative speed difference between motors! 
Investigate the application of the Syncro-Range Drive system to your process. A 
trained Louis Allis motor application engineer is always available. You can reach 
him at your Iccal Louis Allis District Office, or by writing direct to The Louis Allis 
Company, 428 East Stewart Street, Milwaukee 1, Wisconsin. 


MANUFACTURER OF ELECTRIC MOTORS AND'ADJUSTABLE SPEED ORIVES 


LOUIS ALLIS 
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GOOD DEAL ON A WHEEL 


This selector wheel makes it easy for 
you to identify and specify the world’s 
newest and most complete line of 
circuit breakers. Get one free from 
your Westinghouse representative 


or write to Westinghouse Electric 
Corporation, Standard Control Divi- 


sion, Beaver, Pa. You can be 
sure... if it's Westinghouse 








a - 
Tete - 


>. a + 
ge 


a 


eine be " 


Member of NEMA 


Circle 120 on Inquiry Card 





Oe 


a any (Gas about your own SHIPPING problems? Then Cali =e —— 
1d fi ttle it costs to put this 
N AIR EXPRESS and find out how /it p Ss 
skilled shipping team to work for your company. Once you AIR oe DRE 


do, you will always think AiR EXPRESS first! Call now. 





& CALL AIR EXPRESS DIVISION OF RE A EXPRESS ° GETS THERE FIRST VIA VU. S. SCHEDULED AIRLINES 
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Master control station governs operation of entire 


liquid polish packaging line. Operator can stop. start 


speed up 6r siow down production at will. All parts 


of the Syncro-Range Drive system maintain exact synchronization — 
avoiding jams or bottlenecks through precise coordination 
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The key components of the Syncro-Range Drive 


‘ae 


Adjustable Frequency and Standard or 
Power Supply Syncro-Spede Motors! 


LOUIS ALLIS SYNCRO-RANGE DRIVES 
automate liquid polish lines 


Johnson’s Wax, renowned wax and polish 
producer, uses Syncro-Range Drives 
for exact control of process lines 


Controlling speed of the precise, mass-production lines for their new, highly successful 
liquid shoe polish was the task Louis Allis engineers had to solve for Johnson’s Wax. 


The problem was to time the flow of plastic bottles, liquid polish, wool daubers, 

and caps into the packaging lines at precisely equal rates. Flow rate must be adjustable 
so the lines can be slowed down or speeded up. And the entire packaging operation 
must be controllable from a single master control. The Louis Allis Syncro-Range 
Drive solved the problem. 


Syncro-Range Drives provide synchronized speed of any number of motors from a single 
control. It is a “packaged system” comprising an adjustable-frequency power supply 
operating on 3 phase, 60 cycle power input. ..a group of Syncro-Spede® synchronous 
motors which maintain exact synchronism regardless of varying load .. . and a 
control which permits the speed of the entire group of motors to be simply adjusted 
without losing synchronization. On applications for which exact synchronism is not 
required, standard squirrel-cage motors can be supplied. 

You can readily see the advantages of the Syncro-Range Drive in systems or 
processes which require synchronized movement: multiple conveyors which feed 
consecutively; transfer lines; process lines; assembly lines requiring coordinated arrival 
of components; printing where one press feeds another; synthetic fibre spinning, 
drawing, or twisting; metal runout tables; and many other similar continuous-process 
machines which require the application of power at a number of points on the machine. 


The Syncro-Range Drive is available with a choice of drive sizes to efficiently control 
from 2 to 200 (or more!) standard or Syncro-Spede motors of the same or different 
horsepower ratings. The Syncro-Spede motor is an A-C synchronous induction motor 
without slip rings or D-C excitation. It requires no more upkeep than a standard, 
squirrel-cage motor and can be supplied in open drip-proof, enclosed, or explosion- 
proof enclosures with mechanical modifications to match your requirements. 

A sophisticated selection of control features are available in the system, including 
motor starters, main line circuit breaker or fusible disconnect switch, speed adjustment, 
speed indicator, remote control, and automatic control governed by temperature, 
pressure, or flow sensing devices. Controls can provide speed regulation accurate to 
0.1% with 0% relative speed difference between motors! 


Investigate the application of the Syncro-Range Drive system to your process. A 
trained Louis Allis motor application engineer is always available. You can reach 
him at your local Louis Allis District Office, or by writing direct to The Louis Allis 
Company, 428 East Stewart Street, Milwaukee 1, Wisconsin. 


MANUFACTURER OF ELECTRIC MOTORS AND’'ADJUSTABLE SPEED DRIVES 


LOUIS ALLIS 
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GOOD DEAL ON A WHEEL 


This selector wheel makes it easy for 
you to identify and specify the world’s 
newest and most complete line of 
circuit breakers. Get one free from 
your Westinghouse representative 


or write to Westinghouse Electric 
Corporation, Standard Control Divi- 
sion, Beaver, Pa. You can be 
sure... if its Westinghouse 


f 


MARK 75* . . . interrupts 
up to 75,000 amps at 240 
voits a-c, and costs only 
a fraction of conventional 
high interrupting capac- 
ity breakers. Excellent 
for network systems. 


*Trademarks 


TRI-PAC* . . . smallest, 
lowest cost protective de- 
vice you can apply where 
100,000 amps can be 
poured into faults—e.g., 
network or large trans- 
former-fed systems. 


SAF-T-VUE* . . . lets you 
see whether the contacts 
are open or closed. Fills 
the needs of every indus- 
trial plant where safety 
codes require visible con- 
tacts. All frame sizes. 


AMBIENT COMPEN- 
SATED... ends nuisance 
tripping, and eliminates 
need for derating where 
elevated or changing tem- 
peratures are encoun- 
tered. All frame sizes. 


MAGNETIC ONLY... 
provides short circuit 
protection only. Primarily 
used on motor circuits 
where overload protec- 
tion is provided by other 
means. All frames but E. 


LEED E LS LOL LOE LEE LLL I OLE ELGIEL LEE! LEG LILESI, EEL GOLDER MEE LOLONIILLE LEONI IE LLC LEE EERIE, GL IOC TE RE PRES ORI ELMO NS SIS ET: 


THERMAL MAGNETIC 
... provides instantane- 
ous opening on short cir- 
cuits. On sustained over- 
load, the higher the 
current the shorter the 
opening time. All frames. 
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Your er, suffer for the pennies 
you pinch on printed circuits 


Normally, the cost of the copperclad laminate in a 
printed circuit is peanuts compared to the cost of the 
product in which it is used. 


So whether you produce your own boards, or buy them 
already punched and etched for assembly, a review of 
the specific laminates you are now using could uncover 
an important new benefit. 


Perhaps a dollar benefit . . . fewer rejects due to poor 
cold - punching qualities, unsatisfactory foil bond 
strength, poor dip soldering performance, or dimen- 
sional instability. Or perhaps dollars saved in reduced 
servicing of circuit failures in installed equipment. 
Keep in mind, the laminate is only a fraction of your loss. 


You might turn up a new product benefit. Greater 
reliability, and assurance for your customer that your 
equipment will measure up to the trouble-free per- 
formance he expects. Maybe you will find that a flame 
retardant printed circuit will give your product a selling 
edge, or reduce the danger of fire and severe damage to 
expensive equipment. 
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Start a review of your copperclad laminates with a call 
to the nearby NVF Sales Office, or write for samples 
and literature. Dept. ©-7, 


Wilmington, Delaware. 


116 Choices: One Source This is the latest count of the dif- 
ferent plastics and grades NVF can offer in your search 
for the one best material. Add to this total the one special 
grade that can be developed from scratch to meet your 
particular need. This full range of materials is backed by 
complete engineering services .. . from application assist- 
ance up to and including the delivery of 100% usable, 
precision-fabricated parts ... in any quantity, on time! 
Call the NVF Sales Office near you. It’s a direct line 
to single-source help on your current materials problem. 


NVE e 


NATIONAL VULCANIZED FIBRE COMPANY 
WILMINGTON 99, DELAWARE 


in Canada: NATIONAL FIBRE COMPANY OF CANADA, LTD., Toronto 3, Ontario 


ELECTRO-TECHNOLOGY 
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PSAP PEER 


Ask your Rea man about versatile PoLy-THERMALEZE...for 155 C operation! 


He’ll describe an improved polyester magnet wire that offers increased resistance to 

abrasion, solvents and heat shock . . . while retaining vital moisture resistance charac- 

teristics. Rea PoLy-THERMALEZE* is a Class F (155°C) polyester-film, insulated wire 

available at the cost of standard Class A (105°C) magnet wires. Thus, it is applicable 

to either Class A (105°C), Class B (130°C) or Class F (155°C) electrical apparatus. 

Rea PoLy-THERMALEZE embodies an unusually good combination of physical, chemi- 

cal, thermal and electrical characteristics. And it’s available in the famous ReaPak® Copper and 
container or standard spools and reels. Call your Rea man today—or write to us in Aluminum Magnet Wire, 
Fort Wayne for samples and more information. *Licensed by Phelps-Dodge Copper Products Corp. All Insulations 


REA MAGNET WIRE COMPANY, INC. « Division of Aluminum Company of America « Dept. 1931G, Fort Wayne, Indiana « TWX: FW187 
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Mallory 2-in-one designs 


may cut your 
resistor costs 35% 


When you have a circuit that needs two vitre- 
ous enamel power resistors, Mallory can 
engineer and manufacture tandem or tapped 
dual units that save you money several ways. 


Your direct component costs can be cut 30 to 
35°. Mounting hardware, wiring and as- 
sembly costs are far lower. You have only 
half as many resistors to purchase, inventory 
and handle. 


Let our engineers apply their cost-saving tal- 
ents to your resistor needs. We’ve got a com- 
plete line to choose from—3 to 240 watts... 
fixed, adjustable and multi-tap . . . including 
MIL types. Write or call Mallory Controls 
Company, Frankfort, Indiana . . . a division 
of P. R. Mallory & Co. Ine. 


UTE) 


Get immediate delivery of 


MALLORY VITREOUS 
ENAMEL RESISTORS 


...at factory prices... 


from these Mallory 
Industrial Distributors... 


ARLINGTON, VA. 
Rucker Electronic 
Products 


BOSTON, MASS. 
Cramer Electronics 
Lafayette Radio 


CINCINNATI, OHIO 
United Radio 


COLUMBUS, OHIO 
Whitehead Radio 


DAYTON, OHIO 
Allied Supply 


INDIANAPOLIS, IND. 
Graham Electronics 


MILWAUKEE, WISC. 
Radio Parts 


NEW BRIGHTON, PA. 
Television Parts 


NEW YORK, N. Y. 
Harrison Radio 
Lafayette Radio 


ORLANDO, FLA. 
East Coast Radio 


PALO ALTO, CALIF. 
Zack Electronics 


SEATTLE, WASH. 
F. B. Connelly Co. 


SPRINGFIELD, ILL. 
Bruce Electronics 


See Mallory Controls Company for 


wire-wound carbon power selector plugs 
controls controls rheostats switches & jacks 
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READ DIRECTLY 


LuUua 


and 


Luv 


with drift less than + 4 pv per day, 


noise less than O.2 pv! 


i) 425A Microvolt-Ammeter 


Make these difficult measurements quickly, easily 


Engineering — minute dc potentials, difference voltages, nulls; resistances from milliohms 
to 10 megmegohms (with external de source). Also use with Esterline-Angus, other 


recorders 


Physics, Chemistry — grid, photomultiplier circuits, vacuum ion levels, thermocouple 
potentials, voltaic currents in chemicals 


Medicine, Biology — voltages in living cells, plants, seeds, nerve voltages 


Use of a photoelectric chopper instead of a mechanical vibra- 
tor, insuring low noise and drift. Protection against 1,000 volt 
momentary overloads. Probe minimizing thermocouple and 
triboelectric effects. Heavy ac filtering. 


Above are but a few of the reasons why the 4) 425A does the 
work of complex equipment arrays faster, more simply and 
dependably. 

In addition to extremely small voltages and currents, Model 
425A measures resistances from milliohms to 10 megmegohms, 
in conjunction with an external current source. 

Get complete details today from your @ representative, or 


write direct. 


SPECIFICATIONS 


MICROVOLT-AMPLIFIER 
Voltages: Pos. and neg. 10 uv to | v end scale. 
11 ranges, 1-3-10 sequence. 
Current: Pos. and neg. 10 wpa to 3 ma end scale. 
18 ranges, 1-3-10 sequence 
Input Impedance: | megohm on voltage ranges, 
1 megohm to 0.33 ohms on current ranges. 
Accuracy: £3% of end scale. 
AMPLIFIER: 
AC Rejection: At least 3 db at 0.2 cps, 50 db at 
50 cps and approx. 60 db or more above 60 cps. 
Gain: 100,000 maximum 
Output: 0 to | v, adjustable 
Output Impedance: Depends on setting of output 
potentiometer; 10 ohms max. 
PRICE: & 425A, $500.00 (cabinet); 
& 425AR, $505.00 (rack mount). 


Data subject to change without notice 
Price f.o.b. factory 


HEWLETT-PACKARD COMPANY 


1071-M PAGE MILL ROAD - PALO ALTO, CALIFORNIA, U.S.A. 
CABLE ‘‘HEWPACK"’ - DAVENPORT 6-7000 
FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS 


W) headquarters for precision AC and DC voltmeters 
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this New 0G Mfrmer 


CLASS 9007, TYPE AW 


ACTUAL SIZE - Oil-tight construction 
; Switch plugs in—in seconds 
Mounts without disassembly 


Wired without removing 
from box 


Reversible plug-in unit 
—can be plugged-in 
with roller arm at either end 


Switch action can be reversed 
by simple 
screwdriver adjustment 


Present installations 
easily converted to plug-in 


Precision switch mechanism 
—only 5° to operate — 
25° overtravel in eitherdirection 


Graduated markings 
around hub of roller arm 
simplify accurate settings 


Same price as standard 


Terminal Block Square D oil-tight limit switch 


— Easily Wired 
Without Removing from Box 


6 MOUNTING ARRANGEMENTS...WITH T Device! 


Switch eR Switch 

Mounted | Mounted 
Switch on its Base on its Base Switch 
Mounted with —h with tes] = Mounted 
on Conduit 3 Conduit © on its 
its Left Side at Bottom at Top 5 Right Side 


In any of the above arrangements, conduit can enter at either top or bottom by reversing box position 


SQUARE J) COMPANY 


wherever electricity is distributed and controlled 


ELECTRO-TECHNOLOGY 





SWITCH is SOKS, to Use! 


SQUARE D LIMIT SWITCHES ARE Desgned 
TO DO HUNDREDS OF JOBS — BETTER! 


SMALL O1L-TIGHT LIMIT SWITCH -- CLASS 9007,TYPE AW 


f 
2 we ) 
at » ‘ es. 
. . # | 
r a ‘gz 1 
1 OANA 
4% a S iz 
PS } e 
f 
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, i Duplex switch, Flush mounting, 
Surface mounting Surface mounting Roller plunger flush mounting, lever operated 
Surface mounting, with angular push rod operated operated with lever arm operated 
roller arm operated adjustable with mlerometer micrometer 


djustment Za © 
roller arm adjustment ™ 
© e | 


ROLLER ARMS AVAILABLE ezaa. 
INWIDE RANGEOF = @ B i) 3) & Gy ® | 


\ 
' 
i 


2 | 1e%e ih! 
PERE e | we i | 
DESIGNS AND LENGTHS te & Powe © ct & & &\ é , 
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HEAVY-DUTY OLL-TIGHT LIMIT SWITCH -- CLASS 9007, TYPE T 


= Th 


\- i | 
\e 4 ' fe 
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; ; ep ~ 
i o = z ’ 
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Transparent plastic a] 
> cover available es — . j ey 
for instant inspection leven contact arrangements 
_ Continuously ee . in one switch; Rear shaft design Many sizes and types 
adjustable lever arms, only a screwdriver for inaccessible of operating arms 
up to 80° overtravel is required locations 


WIDE VARIETY OF BASE PLATES | /\ 
AND | 2 
MOUNTING HOLES... / i A | i 


Write for BULLETIN 9007 AW to Square D Company, 4041 North Richards Street, Milwaukee 12, Wisconsin 
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The Bell System’s new desk-top telephone 


plugs-in with AMPHENOL 4RIBBON CONNECTORS 


Bell Telephone Laboratories designed, and Western 
Electric Company built this desktop telephone—a 
compact, modern and flexible communications tool. 
~ And to speed installation as well as future servicing 
my and rearrangement of lines, B.T.L. adapted for its 
-—-"uS@ AMPHENOL’S quick-disconnect’ Micro-Ribbons. 
.. \ These miniature connectors havean improved ‘‘rib- 
‘a », bon’ contact that allows easy insertion and extrac- 
|) tion even in blind entrances. Contacts are working, 
flexing members—self-wiping and _ self-cleaning. 
AMPHENOL Micro-Ribbons used on the new instru- 
_ ment have heavier gold-plating on the contacts, and 
x “Special. right angle housings. To facilitate factory 
,” sassembly and wiring Western Electric requested a 
higher rear insert contact barrier and reversed ter- 
inal pockets for soldering to the connectors, 

Micro-Ribbons are also being used’in advanted 
electronic equipments for missile and satellite appli- 
cations, In military or commercial applications, they 

{J ave Hinctoned with oustancing rea. 
} «Standard Micro-Ribbons are available with 14, 24, 
_ 36 and 50 contacts in rack & panel; cable-to-cable 
and cable-to-chassis constructions. Dielectric mate- 
. rial is diallyl. phthalate, contacts are gold plated. 

~~. Write for catalog! 


TIIVIFIAIFIIIIGAIBVIAIAIATI 


TILIA 


Oe eee eee ee ee ee 


TALLER 


AMPHENOL CONNECTOR DIVISION 


1830 South 54th Avenue, Chicago 50, Illinois * Amphenol-Borg Electronics Corporation 
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Heinemann’s new VP breaker can work for you as two (or more) components in one. This matchbox-small breaker 
protects against overloads, also performs many specialized functions. (The internal circuits shown below will sug- 
gest its possible uses.) @ The subminiature VP is magnetically actuated, requires no de-rating. You can have it 
with any integral or fractional rating from 0.050 to 15 amps (110V, 60 or 400 cycles AC, or SOV DC), and with 
a choice of several time-delay characteristics. Details on performance, construction and other points of engineering 
interest are in Bulletin VP; write for a copy. Heinemann Electric Co. €@p> 101 Brunswick Pike, Trenton 2, N. J. 


Series-Trip — Overcurrent sens- 
ing and circuit interruption 
take place in the protected cir- 
cuit; breaker can double as a 


toggle switch, 


DOUBLES 


Relay-Trip—Provides a sepa- 
rate control circuit through the 
coil terminals; any voltage or 


current can be used to trip the 


Shunt-Trip — Permits remote 


breaker remotely. 
Calibrating-Tap—Permits con- 


tripping through appropriate trol of two circuits, with trip- 


ALIBRATING) 


circuit-closing contacts in con- ping in response to overloads rar > 


, 
trol or safety device. Shunt in main circuit only; may be y 
| 


coil operates on line voltage. shunted to raise current rating. 1080 


HEINEMANN 
ELECTRIC CO. 


oot hie). Ba me! 
CAT. NO. VP3 
Os 
VOLTS 115 AC MAK 
CURVE 64 
60 CYCLES 





New! Sylvania CT 4257 


Syivania introduces the new CT4251 .. . opening a dramatic 
new approach to the design of very compact, low-cost count- 
ing equipment in the 0-SOKC frequency range. 


Utilizing a new dome-shaped T-9 bulb evacuated from the 
base, Sylvania CT4251 offers significant reductions in seated 
height. CT4251 features 10 output cathodes, offering the ver- 
satility and advantages of tube types previously available 
only in the T-11 bulb. Examples: electrical information can 
be fed from all 10 cathodes, enabling preselection of a count 
from 0-9; the diameter of the ring of cathodes is identical 
with that of types in the T-11 outline, providing excellent 
visibility of readout information. 


Sylvania CT4251 is the lowest cost cold cathode Decade 
Counter Tube available. Combining electrical and visual 
readout functions, it offers extensive economies in circuitry 
and associated components. Sockets, too, for its 13-pin 


SUBSIDIARY OF 


E 
= 


~ 


Illustration compares size advantage of 
Sylvania CT4251 to type in T-11 outline 


i eT : 
he 


* 


le | 


circle are as much as one-half the cost of sockets normally 
required for T-11 types. In addition, this new 13-pin circle 
makes it possible for Sylvania CT4251 to be designed into 
equipment using transistorized and printed circuit techniques. 
Tests to date of Sylvania CT4251 indicate superior quality 
performance even under stand-by operation for 500 hours. 


Your Sylvania Sales Engineer will be pleased to tell you 
more. Contact him or write Electronic Tubes Division, 
Sylvania Electric Products Inc., Dept. 1017, 1100 Main 
St., Buffalo 9, N.Y. 


Min. Double 
on Voltage Antplitese 
(ac) W) 


Total Anode 
Current (mA) 


Sylvania 
Type Pulse Width 
(usec) 


CT4251 0.65 0.8 400 -70 4 


GENERAL TELEPHONE & ELECTRONICS 
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Complex or simple, big or small, custom or stock . . . Royal’s engineer- 
ing and design facilities are able to develop a complete power supply 
cord, styled to help your product sell . . . dimensioned to speed your 
product assembly. In black or colors to match your product, and 
trade-marked or name branded for you (on orders of sufficient volume ). 
In rubber, neoprene, vinyl or braided jackets, including water-resistant, 
ozone-resistant, and non-marking compounds — with molded-on caps, 
connectors, strain reliefs, special attachments — in fact, exactly to 
your specs in every detail. There’s a wide selection of cord ratings, sizes, 
constructions, from 2-conductors up . . . and a big toolroom of stock 
molds ready to cut or eliminate design time and tooling costs. Prompt 
deliveries, too. 

WRITE FOR ENGINEERING CATALOG No. 5-59 — OR ASK 
TO HAVE OUR REPRESENTATIVE CALL. 
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++. @n essociate of TE 
ROYAL ELECTRIC CORPORATION 
PAWTUCKET, RHODE ISLAND 
In California: Electric Cords & Supply Corp., 


413 East 3rd St., Los Angeles 13 


In Canada: Royal Electric Company (Quebec) Ltd., 
Pointe Claire, Quebec 
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Horsepower 
Motors 
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Lamb Thinking on 
Universal Motors for a 


. . . 
unique actuator application 
Here’s what Lamb Electric 
designed into these motors: 
In order to obtain the required speed 
and torques and retain the most 
economical and smallest package, 
a combination worm and spur gear 
reduction was used. Also, because 
of the peculiar space limitations in 
the application, special design con- 
siderations had to be given to the 
gear ratios and mechanical layout 

of the package. 

In the initial stages of the design a 
motor was provided which met the 
specified speed and torque require- 
ments, however it was soon discov- 
ered that this design overheated 
rapidly. Analysis of the first proto- 
type tests showed that the load cycle 
had a particularly high torque peak 
for a very short duration. The 
motor was designed to supply this 
4&mount of torque near its stalled 
speed. It was found that by taking 
advantage of the accelerating rate 
and starting torque of a universal 
motor, the motor accelerated quickly 
enough to provide sufficient inertial 
energy to complete the duty cycle. 
This enabled the engineers to re- 
design for a lower peak horsepower 
output and obtain reasonable oper- 
ating temperatures, thus producing 
the minimum size package consist- 
ent with the torque and tempera- 
ture requirements. 


The application was such that se- 
vere shock loading was encountered 
at a certain point in the duty cycle. 
In order to make mechanical con- 
struction that would withstand this 
service, ductile iron castings were 
furnished and special consideration 
had to be given to the overhung 
moment of the motor-gear unit to 
insure against damage due to vibra- 
tion. Special bearings had to be 
used in this service because Brin- 
nelling would occur on normal ball 
bearings under the severe service 
encountered. Lubrication is gener- 
ally a problem under this short duty 
cycle, therefore, special considera- 
tion had to be given to insure that 
the lubricant protected the wearing 
surfaces at all times. 


This is just a short example of Lamb at 
work ... if you have a motor problem, let 
us help you with it. This is our business. 
Write: Lamb Electric, Kent, Ohio, and 
we'll have a Lamb District Engineer call 
on you to open preliminary discussion of 
your problem. 
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1.S. 15028 


“THE LATEST. 
DESIGN NEWS 
-ON FHP MOTORS 
“FROM 

LAMB ELECTRIC 


1.S. 14926 


New Lamb motors represent advancements 
in small universal motor design 


New design combines high quality and long life with 
relatively low manufacturing costs 


Initially, the I.S. 15028 and com- 
panion motor I.S. 14926 were 
designed for powering rug agita- 
tors on a well-known line of canis- 
ter-type vacuum cleaners. Now, 
many future appliance applica- 
tions have been visualized. The 
range of ratings possible with this 
design (as high as 1/10 H.P. at 
12000 RPM or 14 H.P. at 15000 
RPM) makes this motor ideally 
suited for many motor powered 
domestic applications. 


Some of the novel features of this 
motor project were: 


The housing is a one-piece simple 
phenolic molding. It is designed in 
a half shell form in such a way 
that the motor bearings and other 
components can be held in accu- 
rate relationship with an unma- 
chined housing. 


The half shell housing of the 
motor is designed to mate with a 
corresponding opening on the cus- 
tomer’s device to complete the 
motor enclosure. When a free 
standing motor is desired, this 
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upper enclosure 
stamping. 


The I.S. 15028 motor was designed 
with a sleeve and a ball bearing. 
However, on other versions of this 
motor, either sleeve or ball bear- 
ings or a combination can be used 
at only a low tooling expense 
through use of easily interchanged 
inserts in the housing mold cavity. 


can be a simple 


The sleeve bearing as used in this 
design takes full advantage of the 
economics possible with the half 
shell motor design. The full-spher- 
ical shaped self-aligning type of 
sintered bearing is mounted di- 
rectly in a semi-spherical recess in 
the housing. A spring clip presses 
against the top of the bearing to 
secure it in place while at the same 
time permitting self-alignment 
movement. Life-time lubrication 
is provided by an oil soaked felt 
strip located beneath the bearing. 
There are other features worth 
noting in this unique design prob- 
lem. For further particulars, write 
to Lamb Electric Co., Kent, Ohio. 





This bus costs 2 as much 
as its copper equivalent 


Installed in your product, Alcoa® 
aluminum bus like this will do the 
same job as copper with no sacrifice 
in quality. 

But you'll pay only one-half as 
much. 

That means a simple change in 
“specs”—from copper to aluminum 
—can save you up to fifty cents on 
every dollar you now spend for bus. 

Remember, too, that aluminum 


bus can be silver-plated in your 
plant. Complete information on the 
process is available through Rome 
Cable Division of Alcoa. Aluminum 
bus, silver-plated by Alcoa prior to 
shipment, is available (at extra cost) 
through Rome Cable Division. 
How about bracing? No. 2 EC al- 
loy in the T6 or T62 tempers has ap- 
proximately the same yield strength 
as copper. Consequently, the same 
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bracing as for copper can be used. 

Why pay more when aluminum 
does the job for less? And it’s avail- 
able now, in the sizes you need, from 
Alcoa. 

More facts? Any Alcoa-Rome rep- 
resentative can calculate the actual 
dollar savings you can make with 
aluminum flat bus. Or write to Rome 
Cable Division of Alcoa, Dept. 24-71, 
Rome, New York. 


ALCO! 


ROME CABLE 


o> tt vt & 1 Oo WN 


ELECTRO-TECHNOLOGY 





rs 


The new 906C timing 
system is here 


What's different about the 
NEW 906C VISICORDER OSCILLOGRAPH? 


At first glance you may see no difference at all. Just the 
same functional lines and compact size that you have come 
to recognize in the Visicorder. 
They have not changed since 1956, when the Visicorder 
principle of oscillography made immediate readout of high 
frequency data possible for the first time. 
Until now, all the improvements that have maintained the 
Visicorder’s record of leadership have been internal: 
increased capacity to 14 channels 
higher frequency response (0-5000 cps 
simultaneously recorded grid lines 
self-starting lamp for remote operation 
But the 906C has a new feature you can see, (look carefully 
at the back of the case) and one that represents still another 
breakthrough; a built-in flash tube timing system which not 
only generates its own time base, but which can also be 
triggered externally. You can, in other words, use the 906C’s 


HONEYWELL INTERNATIONAL 


Sales and Service offices in all principal cities of the world. Manufactur- 
ing in United States, United Kingdom, Canada, Netherlands, Germany, 
France, Japan. 
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timing system to record time lines simultaneously with data. 
Or you can trigger the timing circuit externally—either by 
supplying a pulsing voltage of only +10v into 20K ohms 
impedance, or simply by causing impedance to drop to 100 
ohms or less through shorting-out or other means. 


Thus your “‘time’’ signal may actually be an event marker 
related to shaft rotation, belt movement, or any other effect 
which might be more conveniently fed to the timing circuit 
than to a galvanometer. 


Owners of Visicorders 906, 906A, and 906B will be glad 
to know that only a field-change is necessary to economically 
and easily add this timing system to their instruments), 


Write today for full information on the brand-new 906C 
Visicorder. Ask for Catalog HC-906C. Or call us at SKyline 
6-3681, Direct Distance Dialing Code 303. 
Minneapolis-Honeywell, Heiland Division 

5200 East Evans Avenue, Denver 22, Colorado 


Honeywell 


Ince 18665 
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Now! Make any pushbutton station 


you want with new, completely versatile 
Cutler-Hammer oiltight pushbuttons 


Choose from a complete /ine of operators, 
get greater circuit flexibility than with any other make 
To meet today’s need for a broad range of 


oiltight pushbuttons, Cutler-Hammer gives 
you a new versatile line. 


because they use 40% less behind the panel 
space than the next sninliant unit. 

Get all the facts by sending for the color- 
ful brochure, “MASTER DESIGN” which 
tells you all about the Cutler-Hammer 
line. Ask for Pub. LO-104. 


You can get these rugged proved push- 
buttons in one hole or base mounting, 
six bright colors. More than thirty dif- 


ferent circuit arrangements are available 
plus hundreds of varieties of stations in 
standard arrangements of up to 25 ele- 
ments. And you can get up to 8 circuits 
on one pushbutton. The flexible oil resis- 
tant diaphragm behind the button is de- 
signed to stay soft and pliable permanently. 

With Cutler-Hammer pushbuttons you 
can get more control in less space, too, 


WHAT’S NEW? ASK.. 


CUTLER- -HAMMER 


aoe See. M, \wau kee, Wisco 
Hammer in na A. Associ ate 


vision: Airborne Instr uments aseeeae ry * 
eum Cutler-Hammer, Ltd 


What's new at Cutler-Hammer? 
You can see the newness in the products 
coming from Cutler-Hammer, like the 
new smaller pushbuttons; in the new manu- 
facturing facilities; in the new engineer- 
ing ideas. All to give you better service 
today and in the future. Contact the 
nearest Cutler-Hammer sales office or 
your Cutler-Hammer distributor. 


| | 


Subsidia 
mmer Mexi icana S “A. 











NEW ILLUMINATED PUSHBUTTON. Newest addition to the versatile line. 





YOU CAN GET ALL THESE TYPES OF CONTROL UNITS 


i e @ 





LEVER MUSHROOM 





ROTO-PUSH STANDARD 
/ oi oe , > | , | ' 
en ! ae oa 
x vg aes a ae 


RESISTOR LIGHT KEY TRANSFORMER LIGHT GUARDED PRESTEST LIGHT 


for BUSS 
and 
FUSETRON 


FUSES 


All types 
available 
for every — 
application 


BUSS e+ 
ETRON r | 
and FUS t full data for your files, write for BUSS 


FUSES: One source ae ta f 

for all your bulletin, Form SFB—it gives a comprehensive picture 

fuse needs. be of the complete line of fuses and fuse mountings of 
unquestioned high quality. 


BUSSMANN MFG. DIVISION, McGraw-Edison Co, UNIVERSITY AT JEFFERSON, ST. LOUIS 7, MO. 
» “ ; , — 
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...N0 longer must you “make something do!” 


Just as a famous artist molds each illustration to his need... 
so, too, can you now have an electric motor exactly tailored to 
the needs of your equipment. Not just another motor that can 
be “made to fit” but a complete power package with all desired 
electrical and mechanical characteristics built right in. 

Reuland “Molded Horsepower” is a natural outgrowth of the 
famous “Xpandable” design idea originated by Reuland many 
years ago. Through this technique, motors, brakes, fluid 
couplings, gear reducers and similar devices are available in 
an almost unlimited number of combinations... all standard 


MODERN POWER FOR MODERN-DAY PRODUCTS 
... Allin lightweight, cool-running aluminum frames! 


REULAND MOTORS 
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Molided Horsepower’ to fit your equipment 


units assembled within a single frame and tailored to your 
specific application. 

Only Reuland offers such a wide background of experience in 
tailored power packages. No wonder Reuland is also the 
“number one” supplier to many of the top original equipment 
manufacturers in America! 


Our new 8-page 
catalog, No. GS8-30-0, 
will come in handy. 
Sent complete with 
prices and engineering 
drawings on request. 


REULAND ELECTRIC COMPANY 
WESTERN DIVISION: Alhambra, Calif. 
EASTERN DIVISION: Howell, Mich. 
Distributors in all principal cities 
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From General Electric... 


NEW | . 3 i : 
SMALLER SIZES 
ee 

VEE ale 
SPT aS 


j 
| 








Ss - — Sy : 

| a 

o oe SIZE 3 

ar 6} AY * HEIGHT—9 2 INCHES | 
SS, WIDTH—8% INCHES 


SIZE 4 
HEIGHT—10 INCHES 
WIDTH—8 ¥% INCHES 


25% HEIGHT 


ie ae Now General Electric has reduced 
oe : | = the height of NEMA Sizes 3 and 4 
EO PRE Il contactors and starters 25 percent 
: Arle S oe z cf to save you panel material and con- 
struction costs. These smaller 100- 
Line contactors and starters allow 
you to reduce the size of your con- 
trol panels. In many cases, you can 
now mount panels directly on the 
machines they control instead of 
building costly floor-mounted panels. 
Only 91% inches high (Size 3) 
and 10 inches high (Size 4), these 
starters are about the same height 
as circuit breakers, disconnects, and 
other major control components. 
This means straight wiring runs can 
be made across the panel with space 
between troughs determined by 
other components. 





Only General Electric 100-Line Magnetic Starters Give You All These Performance Benefits 


Longer contact life — Unique 
angled mating of heavy 
silver-cadmium oxide _ con- 
tacts wipes off contaminants 
every time starter operates. 
This reduces arcing and pit- 
ting. Shape of 100-Line con- 
tacts assures positive “make” 
with less bounce. 


Simplified hook-up — Pressure- 
type terminals accept 1/0 
wire on Size 3 and 250 MCM 
cable on Size 4. Separate 
terminal posts contain fac- 
tory wiring leaving pressure 
terminals free for your wir- 
ing. Terminal posts accept 
crimp-on connectors. 


Improved arc suppression — 
Magnetic arc trap utilizes 
circuit breaker method of 
restricting and quenching 
arcs. Improved arc cover 
confines carbon to each 
separate chamber while ex- 
hausting ionized gases that 
could cause arc restrike. 


Easier installation—Starters 
have three-point keyhole and 
slot mounting —just hang 
starter on top screw and 
tighten. Straight-through 
wiring on 100-Line starters 
provides easier terminal 
identification and connection, 
shorter wiring runs. 


REDUCTION SAVES PANEL SPACE 


These new Sizes 3 and 4 starters 
are also simple to install and wire. 
The three mounting points are 
slotted, slip easily over mounting 
screws, and are readily accessible 
to power tools. Straight-through 
wiring, with all line terminals on 
the top and all load terminals on 
the bottom, makes hook-up and 
identification easy, and _ shortens 
your wiring runs. 

These new starters are part of the 
100-Line—a starter design with op- 


erational advantages already proved 
on over one million applications. 

General Electric 100-Line Sizes 
3 and 4 starters are now available, 
open or enclosed, in all popular 
forms. Call your G-E sales engineer 
or distributor, or write for GEA-7326. 
Section 811-25, General Electric Co., 
Schenectady 5, N. Y. 


You get MEASURABLE ADVANTAGES 


WITH GENERAL ELECTRIC CONTROL 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 
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Save 16 square 
inches with new 
Size 3. Cross- 
hatched area 
shows outline of 
previous form. 


Save 17 square 
inches with new 
Size 4. Cross- 
hatched area 
shows outline of 
previous form. 





TO THE ENGINEER 


who thinks “birds’ nests’ are for the birds... 


Upset over the fancy wiring your control pack- 
age demands? Relax! AE can turn a bird’s 
nest into a thing of beauty and high reliability. 
The reason is simple: we’ve had years of expe- 
rience wiring complex dial telephone switch- 
boards, to say nothing of little black boxes. 
And we have the techniques down so tidy and 
pat that our assembly and prewiring costs are 
more than likely lower than yours. 

As a beautiful example, take a look at the com- 


pact relay complex illustrated. This custom job is 
designed to do switching tricks over and over 


again without failure. A significant part of its de- 
pendability is structural rigidity. 


AE engineers are also gifted in solving the 
most complex switching circuits in the sim- 
plest and most inexpensive way. Chances are 
they can save you some headaches. 

If you have a control problem, we’d like to 
hear about it. Just write the Director, Control 
Equipment Sales, Automatic Electric, North- 
lake, Illinois. And while you’re at it, ask for 
Catalog 4083-A covering AE Enclosures for 
Relays, Switches and Control Systems. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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NO STEPPING SWITCHES IN THIS 
U LTRA- R E LIAB LE DV M: Cubic announces a new 


digital voltmeter design that eliminates stepping switches and, with them, the 
need for periodic maintenance. The new Cubic V-70 uses the same ultra-reliable 
reed relays developed for submarine cables. These reed relays are sealed in glass 
and have practically unlimited life. They are noiseless and comple tely unaffected 
by operating position. 

Accurate: The V-70 reads any d-c voltage from 0.001 to 999.9 volts with an 
absolute accuracy of 0.01% plus or minus 1 digit. The Cubic V-70 Digital Volt- 
meter provides these and other premium features at a cost of only $1,580. 
For details, write to Dept. ET-106, Industrial Division, Cubic Corporation, San 
Diego 11, Calif. (in Europe: Cubic Europa S.p.A., Via Archimede 185, Rome). 


Cubic manufactures a complete line ’ 
of quality digital instruments, Cy 1C 
including a-c and d-c voltmeters, CORPORATION 


ohmmeters, ratiometers, scanners 
and printer controls. SAN DIEGO, CALIF., U.S.A. ROME, ITALY 


INDUSTRIAL DIVISION 
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from Magnetic Metals... 


THERMALLY STABLE TRANSFORMER LAMINATIONS 


If you’re designing a transformer or reactor that 
must maintain constant inductance under the 
blazing desert sun or in the sub-zero cold of 
the Arctic or outer space, you need our thermally 
stable Supermu “30” laminations. They’re the 
only temperature-stabilized laminations avail- 
able anywhere. 

Special composition and the ultimate in anneal- 
ing control stabilize over a wide temperature 
range the permeability of thermally stableSupermu 
“30” laminations. Meticulous care in stamping 
eliminates burrs and preserves absolute flatness. 


| /[AGNE TIC 
| ETALS 


With performance characteristics effectively sta- 
bilized, thermally stable Supermu “‘30”’ offers the 
only available solution to thermal design prob- 
lems, and is also of particular value where you 
want to miniaturize components. 

Laminations of thermally stable Supermu “30” 
are made in all standard sizes and thicknesses. 
Count on two-week delivery. Custom designs are 
available on special order. Our engineers are ready 
and well qualified to help you make the most of 
this exceptional lamination material. Write or 
call today. 


Hayes Avenue at 21st Street, Camden 1, N.J. 


NIAGNETIC METALS COMPANY H) 


853 Production Place, Newport Beach, California 


i 


transformer laminations « motor laminations « tape-wound cores 
powdered molybdenum permalloy cores « electromagnetic shields 


Circle 142 on Inquiry Corc ELECTRO-TECHNOLOGY 





3 Ways General Electric Helps You... 


Meet Multiconductor Cable Applications 
for ELECTRONIC EQUIPMENT AND SYSTEMS 


1 COMPREHENSIVE CABLE DESIGNS 


General Electric can furnish the custom-designed 
electronic multiconductor cable you need... in 
a variety of constructions and combinations of 
thermoplastic, thermosetting, and Teflon insula- 
tions and jackets. G-E engineers can design cable to 
meet Government specifications, customer specifi- 
cations, or a particular application. This design 
capability results from years of experience in sys- 
tems engineering in radar, missiles, data processing, 
and other electronic applications, as well as in wire 
and cable. 


TIME-SAVING CAPACITANCE CALCULATOR 


General Electric’s new, easy-to-use Capacitance 
Calculator will save you time in estimating cable 
capacitance or conductor size and/or insulation 
wall thickness to meet capacitance requirements. 
The calculator is made of laminated acetate for 
long wear, and comes complete with see-through 
plastic ruler. 


EXPERT APPLICATION ASSISTANCE 


General Electric Wire and Cable specialists are 
ready to provide complete information and show 
you samples of many types of G-E multiconductor 
cables. They are also available to help with tech- 
nical assistance in cable application or design. 


For your free G-E Capacitance Calculator and 
the name of the G-E Wire and Cable specialist in 
your area, write over your company letterhead to: 
General Electric Company, Wire and Cable Dept., 
Section 601-2, Bridgeport 2, Conn. 


GENERAL @@ ELECTRIC 
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3" 4 5 /" 
Case 


Powerlytic* Capacitors are packed with capacitance! 


Designed specifically for applications requiring 
maximum Capacitance in small physical size, Sprague 
Type 36D Aluminum Electrolytics find wide use in 
power supplies for digital computers, industrial con- 
trols, high-gain amplifiers, and allied equipment. 
Furnished in case sizes ranging from 1%s" dia. x 
2%" long to 3" dia. x 4%" long, Powerlytic Capacitors 
are available with capacitances which were previously 
impossible to obtain in the various Case sizes. 


Engineered for 65 C Operation 

In Powerlytics, Sprague’s many years of research, 
design, and production experience have produced a 
capacitor which allows the equipment designer maxi- 
mum space economy for operating temperatures up to 
65 C. This encompasses the great majority of applica- 
tions in transistorized digital equipment and similar 
apparatus. 


Ovtstanding Performance Characteristics 


Powerlytic Capacitors have not only low ESR and 
low leakage currents but offer extremely long shelf 
life as well. Furthermore, they have the ability to 
withstand unusually high ripple currents. 


Superior Seal and Safety Vents 


Type 36D Powerlytics use the most reliable seal that 
Sprague has developed for aluminum electrolytic 


*trademark 


SPRAGUE COMPONENTS 


CAPACITORS 
TRANSISTORS 

MAGNETIC COMPONENTS 
RESISTORS 


INTERFERENCE FILTERS 
PULSE TRANSFORMERS 
PIEZOELECTRIC CERAMICS 
PULSE-FORMING NETWORKS 


Circle 144 on Inquiry Card 


HIGH TEMPERATURE MAGNET WIRE 
CERAMiC-BASE PRINTED NETWORKS 
PACKAGED COMPONENT ASSEMBLIES 
FUNCTIONAL DIGITAL CIRCUITS 


capacitors. This consists of crimping a beaded alu- 
minum can onto a rubber gasket recessed in a rigid 
molded cover. Pressure-type safety vents employing 
silicone rubber are used on all case covers. 


Choice of Terminal and Insulating Tube Styles 

Tapped terminal inserts, often preferred for strap 
or bus bar connections, are available as well as solder 
lug terminals for use with permanently wired con- 
nections. In addition to the standard bare case, Power- 
lytic Capacitors may also be obtained with a new 
clear skin-tight plastic tube which adds very little to 
the bare case dimensions. They are also available with 
a Kraftboard tube. 


Broad Range of Standard Ratings 

Sprague’s standard line of Powerlytic Capacitors 
includes 183 ratings covering capacitance values from 
45 to 150,000 uF, in voltages from 3 to 450 WVDC. 
Each rating is the maximum capacitance available 
for a given Case size. 


For complete technical data on Type 36D Powerlytic 
Capacitors, write for Engineering Bulletin 3431 to 
Technical Literature Section, Sprague Electric Company, 
307 Marshall Street, North Adams, Massachusetts. 


ne 


THE MARK OF RELIABILITY 


‘Sprague’ and ‘@' are registered trademarks of the Sprague Electric Co 
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Electro-Technology 


Formerly Electrical, Manufacturing 


Interdisciplinary Engineering— 


Today and Tomorrow 


THE INTERDISCIPLINARY APPROACH of today’s 
science and engineering is at the heart of 
electrical/electronic design in all of its aspects. 
This approach rejects the narrow or parochial 
posture in any single discipline or specialty; it 
imposes on the engineer (whether systems engi- 
neer, circuit engineer, materials specialist, com- 
ponents engineer, or other) the need to know, 
to understand, and to apply in his work the 
fundamentals of many disciplines. In short, the 
engineering of today may well be described as 
interdisciplinary engineering: and to an even 
greater extent, this term may be applied to the 
engineering of tomorrow. 

It is heartening, therefore. to observe that in 
an increasing number of universities and col- 
leges, the engineer of tomorrow is being grounded 
in this philosophy. A case in point is the reju- 
venation in courses in materials (an area which 
usually has been neglected or treated with little 
or no imagination! ). For example. at the Prince- 
ton University College of Engineering. a course 
in “Modern Dielectrics” deals with its subject 
in the modern—and larger—sense: it provides 
a unified approach to interactions of matter 
with electric and magnetic fields. The course 
deals broadly with insulators, rather than nar- 
rowly with dielectrics as ideal nonconductors; 
it includes studies in semiconductors, conductors. 
superconductors. non-uniform field effects, ferro- 
electrics, magnetics. electron spin resonance, 
plasmas, etc. Such a course is seen as a neces- 
sary complement to a full scientific and engi- 
neering education. 

To quote Dr. Herbert Pohl, who gives this 
course: “The disciplines of chemistry, chemical 
engineering, dielectrics and mechanical engi- 
neering, as well as special related studies in 
solid, vitreous, liquid and gaseous states, should 
ultimately form the backbone of the total modern 
materials program now under way at various 
leading universities.” 

And in his aptly titled AIEE paper. “The 
Undergraduate Curricular Revolution,” Profes- 
sor Charles R. Vail. Chairman. Department of 
Electrical Duke University, has 
formulated certain broad objectives of interdisci- 
plinary engineering education as follows: 


Engineering. 


“Engineering education aims to prepare its 
graduates for practice of the profession of en- 
gineering at the highest level of which they are 
capable, not only today, but for several decades 
into the future. In recognition of the great rate 
of modern scientific discovery and the speed 
with which it is being translated into engineer- 
ing practice, engineering education must provide 
the opportunity for its students to gain (a) a 
fundamental understanding of the science of 
engineering, which is based on mathematics and 
physical science, and (b) an introduction to 
the art of engineering, which depends on human 
imagination and judgment.” 


But it is not only the engineer of tomorrow, 
but also the engineer of today who needs basic 
interdisciplinary education. A number of engi- 
neering schools have begun to recognize this 
need by organizing intensive summer seminars 
in fundamental subjects. specially planned for 
the engineers and scientists in industry. A glance 
at a typical summer program (The University 
of Michigan Engineering Summer Conference) 
discloses courses on such subjects as Advanced 
Data Processing Techniques, Human Engineer- 
ing Concepts and Theory, Semiconductor Theory 
and Technology, Advanced Topics on Solid-State 
Masers, Fundamentals of Infrared Technology, 
and Introduction to Digital Computer Engineer- 
ing. among others. 

If the titles of these courses seem familiar to 
the regular reader of these pages—if they re- 
mind him of the titles of certain articles that 
he has read in these pages—this is no mere 
accident or coincidence. For here at ELECTRO- 
TECHNOLOGY, the editors have for some time 
been deeply cognizant of their responsibility in 
implanting and cultivating the concept of the 
interdiscipline of science and engineering among 
their readers. This responsibility is being exer- 
cised on a planned and long-range basis in each 
monthly issue, both in the articles devoted to 
fundamental principles and those dealing with 
related practices. 


Zaz Eo frente 


Special Features Editor 
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Factors Contributing to 


Backlash in Gear Trains 


Factors that comprise the total backlash in 
fine-pitch spur gear trains are considered. 
along with detailed calculations. Included 
are effects of changes in center distance. 
method of calling out tolerances, pressure 
angle. and total composite error in gears: 
thinning. deflection and wear of teeth: ra- 
dial play in bearings and differential ex- 
pansion between housing and gears: also 


shaft twist. 


R. J. BENSON 
Bett TecepHone Lapsoratories, Inc. 
Whippany, N. J. 


\N IMPORTANT FACTOR to consider in the design of bi- 
directional instrument gear trains is the amount of 
backlash. For precise movements. backlash or lost motion 
must be controlled and limited to a minimum. Uncon- 
trolled backlash in servomechanisms. data-transmission 
systems. dial indicators. etc. prevents accurate reproduc- 
tion of mechanical movements. In power drives. excessive 
backlash is objectionable where the drive is frequently 
reversing or where there is an overrunning load. 

Some backlash is necessary in a gear mesh to avoid 
having both sides of a tooth contact simultaneously and 
cause jamming. The problem is to provide sufficient back- 
lash to allow the gears to operate correctly while mini- 
mizing backlash to obtain system accuracy. 

There are a number of unintentional sources of back- 
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lash in a gear train. Backlash can result from gear center- 
distance variation, pitch-diameter runout, ball-bearing 
errors, gear assembly and shaft eccentricities, looseness 
of parts (bearing bore on shaft and in housing). tooth 
deflections, gear wear, and differential thermal expan- 
sion and contraction. 

In general, backlash is the play between mating gears. 
For purposes of measurement and calculation, backlash 
is defined as the amount by which a tooth space exceeds 
the thickness of an engaging tooth on the pitch circle. (J) * 
It does not include the effect of center-distance changes 
in the mountings, variations in bearing clearances, o1 
possible dynamic effects. When not otherwise specified, 
numerical values of backlash are understood to be given 
on the pitch circles, Fig. 1, at the tightest point of mesh. 
Backlash can be expressed (in linear units) as measured 
along the pitch circle, or (in angular units) referred to 
the gear center, with one gear held fixed. Angular back- 
lash can be converted to linear backlash by the formula: 

oe (1) 


360 


where 


B = linear backlash, in. 
8 = angular backlash, deg 
D = pitch diameter of gear, in 


| 


Theoretically, no backlash would be present if a per- 
fectly made pair of gears were meshed at 
centers, where the pitch diameter equals number of teeth 
divided by diametral pitch. In this case. the tooth thick- 
ness would be equal to one-half the circular pitch. the 
distance along the pitch line or pitch circle between 
corresponding profiles of adjacent teeth. Figure 2 illus- 
trates a gear mesh with backlash, where 


nominal 


B = P, — (T; + T2) 
where 


P. = circular pitch, in. 
a: tooth thickness of gear 1, in. 
r tooth thickness of gear 2. in 


it numerals in parentheses refer to Cited References at end of articl 


ELECTRO-TECHNOLOGY 











Figure 2 shows that the backlash is equal to the differ- 
ence between operating circular pitch and the sum of 
the tooth thicknesses at the pitch diameter. The backlash 
is equal to the amount the teeth are thin, since both are 
measured on the pitch line. Thus, the control of tooth 
thickness or gear-size measurement over pins is an im- 
portant consideration in gear design. 

Some backlash is intentionally designed into a gear. 
This can be done, during generation, by advancing the 
vear cutter into the gear blank deeper than the theoretic- 
aily standard depth. Thus, the teeth are cut thinner than 
normal size. Tooth thickness is never made greater than 
nominal except in special cases. The Fine-Pitch Standards 
of the American Gear Manufacturers Association 
(AGMA) intentionally thin gear teeth to provide back- 
\. B, C and D. (1) In addition, 
the manufacturing tolerance allows the teeth to be cut 
still thinner. Usually. half the allowance for backlash 
is made on pinion tooth thickness and half on the gear. 
lor pinions having small numbers of teeth, it is desirable 
to provide all the allowance on the mating gear so as not 
to weaken the pinion teeth. Buckingham indicates that 
backlash should be obtained by cutting the mating gear 


lash in four classes: 


deeper when the number of teeth in the pinion is less 
than 30 for the 20-deg involute system. (2) 

Tooth thickness is controlled by measurement over 
pins. Small changes in tooth thickness can be calculated 
by using a tooth thickness factor, K,,, a dimensionless 
ratio of the change in pin measurement to the change 
in circular tooth thickness. The value of K,, can be cal- 
culated by dividing the cosine of the nominal pressure 
angle # by sin @ at the center of pins. Rigid mathe- 
matical relationships are provided by Buckingham. (3) 
In the AGMA Standard for Inspection of Fine-Pitch 
Gears (236.04) and in the Van Keuren Company Cata- 
log and Handbook, the values of K,, are tabulated for 
various numbers of teeth. 

The backlash to be cut into a gear is converted to a 
change in measurement over pins as follows: 





> 
Fig. 2— Backlash is shown to be equal to the difference be- 
tween the operating circular pitch and the sum of the tooth 
thicknesses at the pitch line. 
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. AM 
AT = = 
= 
where 
AT = calculated change in tooth thickness, in. 


AM = difference in measurement over pins from nominal 
value, in 


If B AT, then 


AM B(K,,) (2) 

Backlash can also be obtained by increasing the center 
distance above nominal. In this case, the measurement 
over pins would be taken as the nominal value with a 
negative tolerance attached. This tolerance is always nega- 
tive so that gears will not be cut oversize and cause 
possible interference. Tooth thickness will never be greater 
than nominal. 


e ExampLe: Assume a gear mesh with the 
following proportions and to have a maximum backlash of 


0.002 in.: 


designed 


Pinion Gear 
number of teeth 18 96 
diametral pitch 8 18 
pressure angle, deg 20 20 
pitch diameter, in 1.000 2.000 


In this case, the mesh backlash will be provided by an 
illowance of 0.001 in. in both pinion and gear. The com- 
putation will be performed only for the gear. 

The nominal value for measurement over pins for the 
96-tooth gear is 2.0509 in., and K,, is 2.61 (taken from the 
Van Keuren Company handbook). (4) 


AM B(K,,) = 0.001(2.61) = 0.00261 
Mines 2.0509 in. 
M min 2.0509 — 0.0026 2.0483 in. 


The values of both M,,,, and M,,;,, should appear on the 
gear drawing. The mesh backlash could vary between 0.000 
and 0.002 in. 

As another example, assume that it is desired to have a 


Fig. 1 — Backlash between tooth profiles (American Standard 
Inspection of Fine-Pitch Gears— ASA B6.11-1956). 
<-KQ 
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mesh backlash for these gears that will be not less than 
0.002 in. nor greater than 0.004 in. In this case. 


Mee = Macm — 0.001(2.61) 
Main = Maom — 0.902(2.61) 


Effect of Center-Distance Variations 

Variation in center distance is a large component of 
total backlash of a gear mesh. To the nominal distance 
between gear centers must be added some manufactur- 
ing tolerance for gear-center boring so that gear-tooth 
interference or jamming is avoided. The amount of this 
tolerance depends on the method of boring employed 
jig boring, drilling, or template and jig procedures— 
all of which have certain inherent inaccuracies. Varia- 
tions in center distance can also occur from eccentricities. 
bearing clearances. etc. 


? 


} Relationship of change in center distance to backlash. 





ot angle to X-axis 


Fig. 4— Effect on gear center tolerances of coordinate dimen- 
sioning of a drawing from a reference point. 
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An approximate relationship between variations in 
center distance and backlash can be derived from Fig. 3. 
where 

@ = pressure angle, deg 

B = backlash, in. 

AT = change in nominal tooth thickness, in 

AC = change in center distance, in. 

AT/2 ‘ 
tan ¢@ = - = AT/2AC 
: a 
If B = AT, then 
B = AC (2 tan ¢) (3) 


This last relationship also shows the effect of pressure 
angle on backlash. For 1414-deg pressure-angle gears, the 
backlash increase is equal to approximately one-half the 
increase in center distance; for 20-deg pressure angle. 
two-thirds. However, the 1414-deg tooth is weaker than 
the 20-deg tooth, and undercutting occurs with fewer 
numbers of teeth on 1414-deg pinions. Buckingham states 
that undercutting will be present at 18 and 32 teeth for 
1414- and 20-deg pressure angles, respectively.(4) 

The relationship, Eq (3), of backlash to center distance 
change is only an approximation since it is a measure of 
the chordal distance rather than the arc. Also, the operat- 
ing pressure angle changes slightly with the added separa- 
tion (AC). Equations for exact values of backlash in 
spur gears for changes in tooth thickness or center dis- 
tance are quite complicated and are given by Theon.(5) 
In most cases, Eq (3) yields sufficient accuracy. 

The method of dimensioning gear-housing drawings 
influences the effect on center distance by the limiting 
accuracy mentioned above. When coordinate dimension- 
ing from one point is used [Fig. 4(a)] as, for example, 
in jig-boring, the tolerance on the Y-direction distance 
and also the X-direction distance must be considered. 
Centers in-line or parallel to the axes will change, de- 
pending on the two coordinate tolerances used. 

When centers are at an angle to the X-axis, the maxi- 
mum and minimum center distances may be calculated 
by the following equations [see Fig. 4(b) for symbols] : 


Cmax = V (X2 — X1 + 22)? + (¥2 — Mi + 27)? (4) 
Cin = VO, - Xs — SY +, — ¥, — (5) 


e Examp.e: It is desired to calculate the variation in 
backlash due to the center-distance tolerances with respect 
to the coordinate dimensioning system used (Fig. 4). Let 


X, = 1.000 in. Y, = 1.000 in 
X_ = 5.000 in. Y2 1.000 in 
Z = 0.0005 in. @ = 20 deg 


Then, according to Eqs (3), (4) and (5): 


Cras = VG —1+40.001)? + 4 — 140.001)? 
= 5.0014 in. 
VG — 1 — 0.001)? + (4 — 1 — 0.001)? 
= 4.9986 in. 
AC(2 tan ¢) 
= (5.0014 — 4.9986)(2)(0 .364) 
0.00204 in 





A tolerance of 0.0005 in. on the coordinates can result 
in a variation in backlash of approximately 0.002 in. 

Where gear trains consist of more than two gears, the 
variations in gear centers due to tolerances are directly 
related. If one pair of holes is at its minimum distance, 
the adjacent pair cannot be at its minimum also. 


Another situation arises where two gear centers are 
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to be fixed in coordinate location at some angle to an 
axis and the maximum and minimum center distances 
are known. It is desired to find the tolerance limit for 
the coordinate dimensions such that the tolerance will be 
equal for both axes. The following derivation refers to 
Fig. 5, where 
a tolerance on X-coordinate, in 
tolerance on Y-coordinate, in 
= hypotenuse of tolerance triangle, in 
- scaled coordinate on .\-axis, in. 
calculated coordinate on Y-axis. in 
angle of center line from \-axis, deg 
included angle of tolerance triangle, deg 


and X. 


known quantities are: AC, C, 


Therefore, 


\C. cos ¥ 


cos (Gy @) 


AC cos ¥ 


cos wv cos 6 sin y sin é 


Since &/ = 45 deg, 
AC 
cos 8 + sin é@ 


AC 


Cc. et 


Crin (AC) 


¥+ } 


e ExampLe: Assume that 0.001 in. backlash is to be 
designed into a 20-deg P.A. mesh by increasing the center 
distance. Determine the tolerance to be applied to the 
coordinate dimensions to obtain this value. Let 


1.500 in. 
0.001 in 


= 2.500 in 


Then, according to Eq (3), 


B = AC@ tan 6) 
B 


AC = 0.00137 
2 tan 6 , 


. Vv (Cain)? y2 


Vv (2.5)? — (1.5)? = 2.000 in 


and [Eq (6)], 
Cmin (AC) 
X+Y 
0.000978 0.001 in. (call) 

(2 per cent error) 

A tolerance value of 0.001 in. can be applied to both the 

Y and Y coordinate dimensions. 


Total Composite Error 


It is important to state that backlash is not a direct 
function of gear accuracy. The most accurate gear can 
be generated with any backlash desired. The portion of 
gear accuracy that does influence operating backlash is 
the pitch-circle runout. The term “pitch circle” usually 
refers to a circular trace through the gear teeth on a 
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Fig. 5 — Effect of center distance X-Y tolerances when center- 
line is at an angle @. 


Fig. 6 
variable-center-distance checking device. 


Typical composite error chart of gear mounted on 


gear having a constant tooth thickness. It is almost 
impossible to produce a gear with a uniform pitch circle. 
In a perfect gear, the pitch circle would be concentric 
with the axis of rotation. This is not the case. Generally, 
the curve of constant tooth thickness is eccentric to the 
rotational center and is also modified by tooth-to-tooth 
variations. The overall variation of the curve is the total 
composite error (TCE). It takes into account eccentricity, 
tooth-thickness variations, lateral runout, profile errors 
and pitch errors. Allowable composite errors for different 
accuracy classification of gears is given in the AGMA 
Standard for Inspection of Fine-Pitch Gears (236.04), 
(ASA B 6.11-1956). 

The total composite error and tooth-to-tooth composite 
error are determined by dial indicator or chart recording 
on a variable-center-distance device. The test gear is 
rolled in intimate contact with a fixed-center master gear 
(assumed to be perfect), and any errors are indicated 
by center-distance variations. Figure 6 shows a typical 
trace from such a test. 

In practice, any pitch-line runout or eccentricity will 
cause the teeth of a pair of gears to move in and out as 
they rotate on fixed centers. This is, in effect, center- 
distance variation. Backlash specifications are established 
with reference to the tightest point of mesh. If there is a 
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large TCE in one or both gears. there will be additional 
backlash when the gears are in mesh at their low point 
of eccentricity. Thus, the operating backlash assumes a 
cyclic pattern at rotational frequency. The actual effec- 
tive backlash will depend on the velocity ratio and gear 
phasing in addition to the amount of eccentricity. 
The equivalent increase in backlash may be evaluated 
from the relationship of center distance variation to back- 
lash, Eq (3), with the gears in position of maximum 
looseness. The following derivation will give the maxi- 
mum change in backlash due to eccentricity. Let 
TCE, 
TCE, = total composite error of gear, in. 
TTCE 
TTCE, 


€ runout of pinion, in 


total composite error of pinion, in 


tooth-to-tooth composite error of pinion, in. 
tooth-to-tooth composite error of gear, in. 


e, runout of gear, in 
e; TCkE, — TTCE, 
e TCE, TTCE 
AC e, + 

B AC(Q tan 9) 


e 


[Eq (3)) 


Then 


AB = 2((TCE, TTCE,) + TCE, — TTCE,)|tan@ (7) 


e ExampLe: Determine the maximum increase in back- 
lash that could occur as a result of gear eccentricity when 
the composite errors of a mesh of 20-deg P.A. gears 
measured on a variable-center-distance device are as follows: 


TCE, = 0.0010 in TTCE, = 0.0004 in. 
TCE, = 0.0009 in TTCE, = 0.0003 in. 


AB 2/(0.0010 - 
0.0009 in 


0.0004) + (0.0009 — 0.0003)](0.364) 


The above calculation shows that total composite error 
could provide an additional backlash component of 0.0009 
in. The actual value will depend on the phasing of the 
two gears in the mesh and the velocity ratio. 


Gear-Tooth Deflection 


Low-strength materials such as nylon are used fo 
quiet operation and extended wear life in modern pre- 
cision gearing. It is possible that a mesh may have a 
combination of material and tooth proportions such that 
the teeth would appreciably deflect when subjected to 
a sudden load. This could occur, for example. if the 
gear train were stopped suddenly by a mechanical detent 
or during periods of rapid acceleration. Backlash due 
to tooth deflection is probably negligible if a train is 
running at constant load and speed. 

Buckingham has developed equations to calculate the 


Fig. 7 Example used for shaft twist analysis in data-trans- 


mission gear train. 
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tooth deformation under load.(6) These relationships 
consider tooth deflection when the load is shared by two 
pairs of mating gear teeth. Let 
d = deformation at middle of teeth, in 
applied tangential load, Ib 
face width of gears, in. 


Wi 
I 

Sy, £, = modulus of elasticity of pinion or gear, psi 
Z 


I 
Ly, 2 


, = deformation factor of pinion or gear tooth 
y Lewis tooth-form factor 


Vv 


0.242 + 7.25v 


Ww 1 1 
d = FP E Z. rz] (8) 


The Lewis tooth-form factor is determined from the tooth 


geometry and has been tabulated by Buckingham for 
different gear-tooth proportions. The yield strength of 
the material should not be exceeded. else permanent de- 
formation will occur. 


Gear Shaft Twist 

The present trend in modern precision gear-train design 
to miniaturize wherever possible is especially noticeable 
in airborne equipment, where space and weight are at 
a premium. Generally, a designer will make a ‘ 
ate” of shaft diameters. This procedure may lead to 
trouble. Long or slender shafts can wind and unwind 
under load to produce backlash. Shaft twist can be ex- 
pressed by the following equation: (7) 


‘zuesstim- 


_ 32il 
~ gGd 


where 


6 = angle of twist, radians 
torque. Ib-in. 
l = length of shaft in which twist occurs, in. 
G = modulus of rigidity, psi 
d = shaft diameter, in. 


The angle of twist can be related to linear backlash, 
B, by the following expression: 
De 


9 


B - (10) 


where D = pitch diameter of gear, in. 


e Exampte: Determine the angular backlash or wind-up 
of the shafts of a typical data transmission gear train, Fig. 
7, under load. Assume that the shafts are Type 416 corro- 
sion-resistant steel having a modulus of rigidity of 11 
10° psi. 

First, determine the torque that each shaft transmits. The 
velocity ratio, V,, for the gear train is 

y, — GGG, _ 128 
P,\P2P; ] 


The torque on the input shaft will be 1/128 of the output 


torque, or 0.03125 lb-in. The torque on the other shafts 
will be: 


. 1.500 a — . 
for S,, t € 350) 03125) 0.1875 Ib-in 


000 


375 


2.000 1.000 1.0 Ib-i 
(= oan) ) — 


According to Eq (9), 


for S., f Jo 1875) = 1.000 Ib-in 


for S;, t 
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Then 

___ 32(0.1875)(2) 
3.1416(11 X 10°*)(0. 1875)! 
= 0.00028 radians 


6. = 0.00024 radians 
6; = 0.00189 radians 


A, = 


The total angular displacement or angular backlash 
referred to the output shaft is computed as follows: 


P, P, P 
tot = (ea) +e(a) te ap 


0.0020 radians 


The linear backlash at the output gear (G,) is [Eq (10) ]: 


De =2(0.0020) 
Br = 9 5 


This analysis shows the necessity for making the output 
shaft (S,) as rigid as possible. In this example, approxi- 
mately 95 per cent of the total backlash from shaft twist 
is due to the output shaft. For a critical gear train, a 
shaft-by-shaft analysis should be made to insure that ex- 
cessive shaft twist will not occur. 


= 0.002 in 


Gear-Tooth Wear 


Developments in the materials field have resulted in 
a variety of materials and finishes that offer possibilities 
for precision gearing where a low rate of wear is de- 
sired.(8) If gears wear during operation, a direct addi- 
tion to mesh backlash will result because of tooth thin- 
ning. The mesh of a_ heat-treated corrosion-resistant 
steel (Type 416) pinion and an anodized aluminum (Type 


2024) gear is an excellent gear-material combination for 
low wear. Recent life-tests made on a pinion hobbed 
from a_ bronze-tin alloy having inherent lubrication 
meshed with an anodized aluminum gear gave superior 
wear results. Although many precision gear trains are 
operated without lubrication, an initial application of 
lubricant to a mesh will usually reduce gear wear tre- 
mendously. 


Effect of Thermal Changes 


When gear trains are required to operate throughout 
a wide temperature range, backlash can be affected if 
components have different coefficients of thermal expan- 
sion. An example consists of corrosion-resistant steel 
gears mounted in aluminum or magnesium housings. 
Cast magnesium has a thermal coefficient approximately 
two and one-half times as great as steel. With such a 
combination, it would be possible to have binding or 
excess backlash, depending on the operating temperature 
limit—high or low. It is extremely important that the 
center distance be carefully dimensioned in these situa- 
tions. [An example is worked out in the Appendix. | 


Bearings and Shafting 

Ball bearings are used in most precision gear trains 
and they contribute several factors that play a part in 
backlash, such as eccentricities. There are two components 
of eccentricity to consider—that of the inner race and 
that of the outer race. If the outer race is held fixed and 
the inner race rotated, the shaft center will describe an 
eccentric motion which provides another component to 
pitch-circle runout. Depending on the phasing of gear 
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5) force 
} € 


Fig. 8 — Effect of normal tooth force on radial play in bearings 
and equivalent change in gear center distance. 


and bearing, this component can add or subtract to the 
mesh backlash. Eccentricity of the outer race results 
in a fixed shift in gear centers, either open or closed, 
depending on the orientation of the race. The amount 
of eccentricity of inner and outer race is controlled by 
the ABEC class of bearing tolerances for each size and 
type. Therefore, the effect of bearing eccentricities on 
backlash would have to be considered for each case. In 
some cases, the effect would probably be negligible. 

Excessive radial play can also contribute to backlash, 
especially if the meshes are heavily loaded. since separat- 
ing forces tend to keep the meshes apart. A maximum 
radial play should be specified for each bearing. It is 
possible to reduce radial play by axial pre-loading. Shaft- 
inner-race, outer-race/housing clearances can also in- 
fluence backlash. These clearances result from manufac- 
turing tolerances with respect to fits. 

Fortunately, the effect of radial play on backlash is 
minimized since the normal tooth force makes a con- 
siderable angle with the line of centers. From Fig. 8, 
it can be seen that 


R sin Dp 
where 


R,,= bearing radial play in direction of normal force, in. 
R,= AC = 
radial play), in. 


change in gear center distance (effective bearing 


= gear-tooth pressure angle, deg 


Since [Eq (3)] B AC(2 tan #), then the increase in 
backlash due to effective radial play is 
AB 2R,, sin @ tan @ (12) 


When considering the effective backlash during opera- 
tion, an additional component should be added to Eq 
(12) due to translation of the gear in the direction of the 
tangential driving force: it equals cos @ times the normal 
bearing radial play. 

The effect of radial play on backlash is also influenced 
by the location of the gears relative to the bearings. 
When a gear is mounted between bearings [Fig. 9(a) }, 
the effective radial play equals normal bearing radial 
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eor mounte 


Fig. 9 —Influence of bearing radial play on mesh backlash is 
related to gear and bearing position. 


Fig. 10 


analysis. 


Compound gear train used for overall backlash 


play. When a gear is overhung, the effective radial play 
will be larger than the normal. From Fig. 9(b), the re- 
lationship can be evaluated: 


R, R, 
Mi/2 (Xi/2) + X: 


R, (X + 2X2) 


or R, A 


(13) 
It can be seen that effective radial play can be reduced 
by keeping X,. as short and X, as long as possible. 

Shaft runout influences backlash. The effect is similar 
to pitch-circle runout, in that it causes a variation in 
center distance. With modern grinding techniques, how- 
ever, this source of error can be reduced to a negligible 
amount. 


Velocity Ratio and Backlash 


In a compound gear train, Fig. 10, the backlash of the 
entire system is affected by the velocity ratios of each 
mesh. Estimating linear backlash of each mesh (B,, Bo, 
B,, B,, B; and B,), the following expression can be 
written to find the backlash at the output gear (G,;). Let 


8r= angular backlash total, radians 
Bry = linear backlash total, in. 
B,, Bo, linear backlash at each mesh, in. 
P = pitch diameter of pinion, in. 


G= pitch diameter of gear, in. 


P 2 P. 
Bet (Gr) + B+ BOE) (a) 
Ma) Car) 
Gre G; G, 
ee P; Py Ps 
Ma) Ca a) 
2B7/G (15) 


Similarly, an expression can be written to find the 


backlash at the input shaft: 
: Ges Gy 
bd (pp) 


B, (+) + (B 
DG) 
PP). ) Gr) 


Br = 2Br/P, (17) 


In computing ratios in a compound train, pitch 
diameters should be used rather than the numbers of 
teeth, unless all gears in the train have the same diametral 


pitch. 

Equation (14) shows that the backlash in Mesh 6 
(B,) is the largest component of total backlash, assuming 
equal backlash in each mesh; therefore, the most ac- 
curate gears should be at this mesh. 


Conclusions 

From this review it can be seen that a large number 
of factors contributes to the total backlash in a gear 
train. It is practically impossible to equate the various 
factors to result in a rigid formula for finding the total 
backlash. However, if the gear-train designer is aware 
of the trouble points, he can “help himself” in designing 
for minimum backlash. 

Backlash is influenced largely by changes in center 
distance: hence, care should be taken in applying toler- 
ances to the center-distance dimension, particularly where 
a coordinate dimensioning system is used. The value of 
total tolerance depends greatly on the position of the 
line of centers with respect to the coordinate axes. 

The discussion shows that the total composite error 
is essentially a cyclic runout that produces a change in 
center distance with respect to gear rotation. The effect 
on backlash will depend on the velocity ratio and gear 
phasing in addition to the amount of eccentricity. By 
selective assembly, therefore, it is possible to arrange a 
pair of gears so as to minimize backlash. It is evident 
from analysis of the compound gear train that the mesh 
nearest the output has the greatest effect on total train 
backlash. Because of the depreciating effect of the velocity 
ratio, it would be possible to use less-accurate gears at 
the high-speed end of the train. However, good gear 
quality should be maintained for all meshes if pitch-line 
velocities are high. Anti-backlash devices would be most 
effective at the low-speed or output end. 

There are two components of backlash due to size 
variations—intentional (or design) backlash and that 
due to size tolerance. Backlash must be designed into a 
gear train to allow for lubrication film and to prevent 
jamming. This can be done by increasing center dis- 
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tances or by thinning the teeth. Binding can occur where 
temperature extremes are great and where differential 
dimensional changes caused by different coefficients of 
thermal expansion of gear and housing materials could 
cause a center distance to be decreased. The opposite 
situation can occur also. 

In gear trains being designed for applications where 
size and weight are at a premium, it is worthwhile to 
make certain that shafts and gear teeth are sufficiently 
rigid to prevent excessive deformation. Shaft twist can 
add to the total backlash. 

It is well to consider ball-bearing location in order 
to minimize the effect of radial play on backlash. When 
gears are overhung, the distance between bearings should 
be kept as great as possible, and the distance from gear 
to the nearest bearing as short as possible. 

The effect of gear wear on backlash is important since 
backlash will increase because of tooth thinning. The 
designer should select materials that have minimum wear 


Soo 


rates under given environmental conditions. 
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APPENDIX — Effect of Differential Expansion and Contraction on Backlash 


The relationships are based on the com- 
mon formula (7) for computing linear ao > a, 
deformation given by Br 


Al = alAT 
Also [Eq (3)], T2 > To: 
B = AC (2 tan ¢) 


Al = change in a length, J, in. 

AT = change in temperature, deg IF 

T; low-temperature extreme, deg F 

T>2 high-temperature extreme, 
deg F 

Ty = room temperature, deg F Br = by - 

a; = linear coefficient of thermal ex- 
pansion for housing, in./in. 
deg F 

a2 = linear coefficient of thermal ex- 
pansion for gears, in./in./deg F 


ai > ae, 


To determine new backlash at 7; where 
By + 2(AR 


¢ Condition at High Temperature (T>2), where 


AC = a(R, + RT: — To) 
Let AR = aH, + NeXT: — To) 
If AC > AR, additional backlash is pres- 
ent. 1f AR > AC, binding may occur 

1o determine if binding will occur at T2, 
the following relationship can be used: 


2(AR — AC) tan @ 
If Br is negative, binding will occur. 
‘To determine new backlash at 7, where 


by Bo + 2(AC — AR) tan AR 


AR = (5.6 X 107*)(0.500+ 4.00) 
[75 — (—65)] 
= 0.00352 in. 
Since AC > AR, binding can occur. 
Br = 0.001 — 2(0.00813 — 0.00352) 
(0.364) 
= —0.0024 in. 
Therefore binding will occur. 

‘The above computation shows that the 
design backlash at room temperature 
should be increased to approximately 
(0.004 in. in order to prevent binding. 


AC) tan @ 


¢ High-Temperature Condition: 
AC = (12.9)X 10-*)(0.500 + 4.00) 
(150 — 75) 
= 0.00435 in. 
= (5.6 X 107*)(0.500 + 4.00) 


R, = pitch radius of pinion, in. 

R, = pitch radius of gear, in. 

AR = change in sum of pitch radii, in. 
Bo design backlash at 75, in. 

Br = new backlash, in 

C = center distance, in. 

AC = change in center distance, in. 


* Condition at Low Temperature (T;), 
where Ty > T:: 
As a close approximation, assume that 
C=R,+ R,. 
AC = a (Ry + RMT. — Ti) 
AR = ae (R, + R(T — T;) 
If AC > AR, binding may occur. If AR > 
AC, additional backlash is present. 
To determine if binding will occur, the 
following relationship can be used: 
Br = Bo — 2(AC — AR) tan ¢ 
If Br is negative, binding will occur. 
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I:XAMPLE: Assume that a pair of corro- 
sion-resistant steel gears is mounted in an 
aluminum housing. The unit is required to 
operate within the temperature extremes 
olf +150 to —50 F. Analyze backlash 
conditions at the high and low tempera- 
tures. 


x 10°° in./in./deg F 
lu * in. /in./deg bt 
iy = U.900 in. (assumed) 
li, = 4.000 In. Gassumed) 
bo = 0 GOL in. (assumed) 
@ = 20 deg (assumed) 


¢ Low-Temperature Condition: 


AC = (12.9 & 107*)(0.500 + 4.00) 
|73 — (—65)] 
= 0.00813 in. 


(150 — 75) 
= 0.00189 in. 
Since AC > AR, additional backlash is 
present. 
Br = 0.001 + 2(0.00435 — 0.00189) 
(0.364) 
= 0.0028 in. 


The above computation shows that 
additional backlash is present at the high- 
temperature extreme. 

In order to compensate for contraction 
at the low-temperature side, the design 
backlash can be increased by increasing 
the center distance or by decreasing tooth 
thickness. Increasing the low-temperature 
backlash to 0.004 in. will result in 0.006 
in. backlash at the high-temperature ex- 
treme. Anti-backlash gears can be em- 
ployed if the new value of backlash is 
excessive. Temperature stabilization is 
sometimes employed for critical devices. 
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Relay Designers 


and Users Meet 


Vearly forty papers on relay test and meas- 
urement, specifications, application, and 
design were presented at the Ninth National 
Conference on Electromagnetic Relays held 
at Oklahoma State University April 24-27. 
Among the papers of special interest are 


the nine summarized below. 


ilar windings 


o 


o 


2S 
S229 
XOX 
OXF 
QO 
X42 


x 
0:8 


<2 


X2 
Os 
<2 
cx 

BAA 


Ke 
XXX 
CxO 
XX 


= 
xX 
xX 
Z2 
XX 


& 


2. 
x2 
Os 


As 
<2 


cx 
Oa res 


& 


RAD 
x 


AAAS 


2 


CAs 
0; 


RD e ees 
4 


AAAASA 


oS 
& 
oO 


2 
x2 
Xs 
Xe 
ORK ARBRE 


XXL 
2 


SN 
xX 
BAA 
ox 
xXx 
‘2 


2 
& 


Re NS 
cx RASS 


IHX 
DRAKX 
2 


NS 


NS 


s i ky 


WWZN/ZACZ 


Fig. 1— Three-input logic device consists of three reed-relay 
capsules, each with a separate bias winding. There are three 
input windings capable of acting on all three capsules simul- 
taneously. Typical application is as binary adder or subtractor. 
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fssociate Editor 


\ FEATURE OF THE April 24-27 Electromagnetic Relay 
Conference of the National Association of Relay Manu- 
facturers, held at Oklahoma State University, Stillwater, 
Oklahoma, was the selection of five papers for special 
mention. The awards, for general excellence of technical 
contribution, take the form of individual diplomas 
certifying that the author has been elected a Fellow in 
the College of Relay Engineers. 

Diplomas were presented at the Ninth National Con- 
ference to: 


e Wyman Deeg, project engineer, C. P. Clare & Co., 
Chicago, Ill.: “A New Concept in Relay Logic Modules.” 

e Earl R. Dubas, supervising engineer, Union Switch & 
Signal Division, Westinghouse Air Brake Co., Swissvale, 
Pa.: “Dry Circuit Test Procedures and Equipment Proposed 
for Air Force Consideration.” 

e Uwe A. Pommerening, development engineer, Strom- 
berg-Carlson, Rochester, N. Y.: “A Practical Guide to Con- 
tact Applications.” 

e Masao Takamura, senior engineer, Nippon Telegraph 
& Telephone Public Corp., Tokyo, Japan: “Contact Chatter- 
ing on Switching Relays.” 

e F. F. Yanikoski, engineer, Sigma Instruments, Ine.. 
S. Braintree, Mass.: “A New Method of Calculating Circuits 
for Maximum Relay Speeds.” 


Reed-Relay Logic Module 

A special application of the dry-reed relay is in relay 
logic systems. In the paper “Relay Logic Modules,” 
Wyman Deeg of C. P. Clare & Co. makes the point that 
the reed-relay module described is simpler than either 
solid-state logic or conventional relay logic, and therefore 
tends to be more reliable. 

Multi-contact reed relays require no mechanical cou- 
pling between contacts. Using this feature, it is possible 
to design logic modules with each switch capsule inde- 
pendently controlled, even though each is under the 
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magnetic influence of a common outer coil. Each switch 
capsule in a module then acts as a two-terminal output 
device with the various windings serving as inputs. Such 
a device performs logic in the flux within the device 
rather than in the contacts of multiple-relay assemblies. 
as is done in conventional relay logic circuits. 

Figures 1 and 2 illustrate a module which has been 
devised for performing three-input logic. Such a logic 
module can serve as either or both a binary adder and 
subtractor. One module per bit is used and the carry or 
borrow output of each bit is connected to one of the 
inputs of the next higher order. 

Any of the binary-coded-decimal codes may be used 
in system design. Compared to solid-state systems which 
require inverters, AND circuits, OR circuits, etc., Mr. Deeg 
described the relay devices as being much simpler to 
fabricate and service. 

In check circuits, where a definite number of inputs or 
code bits must be sampled to establish validity, the logic 
module can be applied in groups with modules deducing 
logic from the output of other modules. Code conversion 
by a fixed or variable addition or subtraction can be 
achieved in a manner similar to that used in the binary 
adder or subtractor. 


Sealed-Relay Contamination 


Low-level relay failures attributable almost entirely to 
particulate contamination are described in the first por- 
tion of the paper “Dry Circuit Test Procedures and 
Equipment Proposed for Air Force Consideration,” E. R. 
Dubas, Union Switch and Signal Division, Westinghouse 
Air Brake Co. Contact resistances of hermetically sealed 
relays from four manufacturers were monitored during a 
laboratory operation test. 

Nature of Failure. Failure was considered to have 
occurred when contract resistance was 500 ohms or more. 
Tests showed that the number of failures was changed 
only by the environmental factors of temperature and 
vibration. Further investigation to determine the actual 
cause of the observed failures showed them to be due to 
particulate matter which was either included in the relay 
during manufacture or caused by wear of moving parts. 
Subsequent inspection, after the faulty 
opened, showed all high-resistance contact closures (500 
ohms or above) to be due to particulate matter. 

From examination of test relays which had been 
opened, it was evident that organic films or polymers 
were not the cause of any contact failures at the detection 


levels used.* Only one type (shown in Fig. 3), which 


relays were 


had been operated five million times, showed any evidence 
of polymer formation, and that was in minute quantities. 

Storage times of up to one year appeared to have no 
effect on amount of polymer accumulation. 


*A report on surface contamination in contacts based on an investigation at 
Stanford Research Institute for the Signal Corps is scheduled for publication in a 
later issue of ELecrro-TEecHNo.ocy. 
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Standard Relay-Testing Methods 


The chairman of the Relay Panel of the Aerospace 
Industries Association Electronic Parts Committee, 
Vincent F. Argento, Hughes Aircraft Co., Culver 
City, Calif., announced the first complete draft of 
standardized test methods and procedures for test- 
ing relays. Copies of his presentation, “Standard 
Test Methods for Relays,” will be sent to the Na- 
tional Association of Relay Manufacturers, the 
Armed Services Electro Standards Agency, and the 
Society of Automotive Engineers Subcommittee 
A-2R. 


Contact Failure Patterns. Test data showed that a 
greater percentage of failures occurs during the first 
1000 operations, that the majority of all failures occurs 
before the first 5000 relay operations, and that contact 
misses occur randomly. However, if the test is stopped 
for an extended period of time and restarted, the original 
failure pattern (high initial failure rate during the first 
few thousand operations) recurs. Figure 4 is an example 
of such a pattern. 

Although it could not be proved, Mr. Dubas supposed 
that during a “rest” period the particulate matter in the 
relay was redistributed (due to random vibrations) over 
the contacts and other interior surfaces. On resumption of 
operation, a high failure rate occured until the number of 
particles in the contact area had reached a minimum. 
If the relay is subjected to rough handling after the 
initial test, it is possible that additional contaminants 
may be freed or created; thus, the number of initial 


Fig. 2— Reed-relay logic module mounted on _ printed-circuit 
card. 
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Fig. 3. 
polymer accumulation after 5 
“make” area. The movable contact is (b). 


failures and the long-term failure rate of the second 
test could be higher than that of the first. 


Relay Contact Applications 

In “A Practical Guide to Contact Applications,” U. A. 
Pommerening, Telecommunications Division of General 
Dynamics /Electronics, examined contact problems com- 
mon to the general family known as telephone relays. The 
three major sources of contact failure discussed were 
corrosion, erosion and high contact resistance. 


Interrupted at 10, 800 operations 
O-mile shipment by “standard 
r freight" ( ot 3) \ 


Uninterrup 


(typical) 


YPICO 

















‘Interrupted at 10,800 

















Fig. 4— Relay contact failures. Contact load: 8 ma, 16 milli- 
volts. Test conditions: 72 contacts in series, 180 operations/min, 
700-ohm failure level. 
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(b) 


Contact failure attributed to contamination by polymer formation. In photos (a) and (b), arrows at left indicate frictional 
10° contact operations. Arrows at right in both photographs indicate normally closed contact 


Corrosion. Oxidation or other chemical action cor- 
rodes contact faces and causes a decrease in contact area, 
with consequent overheating and malfunction or in- 
creased contact resistance. Stationary high-current con- 
tacts may be protected by paints or greases, while selection 
of the proper contact metal may alleviate the problem 
for other contacts. 

Erosion. Erosion of d-c contacts is summarized in the 
accompanying table. Erosion of contacts is influenced by 
contact bounce or chatter, contamination, humidity, and 


state of contact protection. 
High Contact Resistance. Contact resistance depends 


upon contact voltage. Contact films are broken down by 
voltages as low as 0.03 volt. In dry-circuit contacts, where 
there is no arc capable of rupturing high-resistance films, 
proper selection of contact materials will control the 
formation of films. 


Relay-Contact Chatter 


An analysis of contact chatter and design of a low- 
chatter contact spring suitable for high-speed relays was 
presented in “Contact Chatter of Switching Relays,” 
M. Takamura, Nippon Telegraph & Telephone Public 
Corporation. 

Development of a general theory of vibrations caused 
by repeated impact between two bodies led to an investi- 
gation of a torsional contact spring which decreases 
contact chatter in high-speed relays. Figure 5 shows this 





Fig. 5— Model of torsional contact spring for achieving low 


contact chatter. Length 1, allows torsional motion only, while 1, 
allows a bending motion. 
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D-C Contact Erosion* 


Character of erosion State of relay transfer 


Anode to 
cathode 


Bridge of molten contact ma- 
terial formed by high current 
in small area 


Contacts break- 


Electrical discharge in air: 


Anode to 
cathode 


a. Short arc —small con- 
tact separation with 10 to 20 
volts striking voltage 


Contacts making 
or breaking 


Cathode to 
anode 


b. Plasma arc — large con- 
tact separation with 10 to 20 
volts striking voltage 


Contacts making 
or breaking 


Direction of 
material 
| 


Cathode to 
anode 


c. Glow discharge—requires | Contacts making 
approximately 300 volts | or breaking 





Welding of contacts Contacts making | None 


*From ‘A Practical Guide to Contact Applications,’ | A. 
Stromberg-Carlson 


Pommerening, 


device. It is a German-silver rod with a right-angle bend, 
the rod being supported in a bearing surface near the 
bend. The end opposite the bearing is fixed, while the free 
end closes an affixed contact. For a given material such 
as German silver, it was found that the torsional spring 
affords lower contact chatter than that encountered in 
conventional cantilever springs. 


Relay Operate Speeds 


Fast operation of relays is obtained partly at the 
expense of increased driving power. A graphical method 
for obtaining high speed with the least possible driving 
power was set forth in “A New Method for Calculating 
Circuits for Maximum Relay Speeds,” F. F. Yanikoski, 
Sigma Instruments, Inc. 

Current overdrive and voltage overdrive are plotted on 
logarithmic coordinates. Curves of constant circuit power 
are then straight 45-deg lines. Lines of constant operate 
time are plotted from test data for various current-over- 
drive and voltage-overdrive combinations. The graph will 
thus contain data on voltage, current, power and operate 
time for a particular interchangeable series of relay coils. 
Final accuracy is limited only by accuracy of test data. 


R-F Interference 


The problem of radio-frequency interference has in- 
creased in seriousness as electronic systems have become 
more sophisticated. James K. Muravez, senior electrical 
design engineer, Leach Relay Division of the Leach 
Corporation, Los Angeles, examined one aspect of r-f 
interference reduction in his paper “Radio Noise Sup- 
pression of A-C Operated Relays.” He defined the source 
of the interference generated in general terms and out- 
lined methods of suppression. 

Radio-Noise Sources. Interference voltages generated 
by a-c operated coils employing silicon-diode semicon- 
ductors for rectification are produced by harmonics of 
sine-wave rectification and semiconductor noise. 

In a half-wave rectifier circuit, an infinite number of 
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Line- 
(~) Em sin at current 
waveform 


(a) Half-wave circuit 
diagram 


Fig. 6— Line current of half-wave rectified relay coil. As the 
applied positive sine wave goes through the zero reference, a 
large negative current transient occurs due to the reversal of 
coil-voltage polarity and the low-impedance path through the 
series diode during its recovery time (before it presents high 
back resistance again). 


even harmonics is generated. Figure 6 illustrates the 
resultant line-current waveform of a typical relay coil 
using semiconductors for half-wave rectification. Addi- 
tional harmonics of a much greater magnitude, which 
are measurable to considerably higher frequencies, are 
generated from the sharp reverse-current pulses that occur 
during the finite recovery time of a diode when the 
diode bias is instantaneously reversed to a new steady- 
state condition of non-conducticn. The shape of the 
reverse-current time function is determined by many 
factors, the most important being the type of semicon- 
ductor material and diode structure, rise time and amp- 
litude of back-voltage pulse, magnitude of previous for- 
ward current, and external circuit impedance. 

Filter Techniques and Test Results. By use of 
simple noise-suppression techniques, it is possible to 
modify a typical a-c operated relay employing diodes for 


Network (a) Network (b) 


Tap Tap 


Network (c) Network (d) 


Fig. 7 Radio-noise suppression networks. (a) The half-wave 
circuit with resistor for attenuation of r-f voltages is most effec- 
tive in 60-cps applications, where comparable r-f harmonics are 
lower than in 400-cps systems. (b) The tapped relay coil for 
impedance attenuation and filtering is quite effective for 400-cps 
applications. (c) L-section filter reduces r-f voltage noise levels 
over those of (b), but values of L and C may affect rectification 
efficiency. (d) T-section filter has less effect on rectification 
efficiency than (c), while offering somewhat more r-f suppres- 
sion than (b). 


77 





0 asic co wifhouf suppress 0 ap 


150 ohms 


1050 ohms 


b) Coil tap suppression c) "L" filter suppression 


Fig. 8 — Experimental circuits for r-f interference reduction with Leach Model 9220 relay. Diodes are not selected units. Coil has 
approx 9000 turns. Coil current is approx 80 ma peak. (a) Basic coil without suppression. The associated oscillogram shows a pro- 
nounced transient-current peak as in Fig. 6. (b) A coil-tap suppression circuit affords a considerable reduction in the magnitude 
of the transient peak as compared to (a). In (c), the L-C combination results in a line-current waveform in which a damped oscilla- 
tion or “ringing” is just visible. Oscillation time duration results in lower harmonic frequencies and less r-f voltage magnitude. 


rectification to meet the noise limits of the average mili- 
tary specification such as MIL-I-6181. These techniques 
can be classified into four general categories: 


1. resistors for transient-current magnitude reduction 
2. tapped coils for additional series inductance filtering 
3. tapped coils in conjunction with capacitors to form 
an L or T-section filter, and 
4. selection of diodes for favorable reverse-recovery-time 


characteristics. 


Suppression networks in the first three categories are 
illustrated and described in Fig. 7(a), (b). (c) and (d). 

A Leach Model 9220, 5-amp, 4PDT, 115-volt, 400-cps 
relay was used for noise suppression measurements in 
the circuits of Figs. 8(a), (b) and (c). Results are shown 
in the associated oscillograms. Note the effect of various 
modes of suppression on magnitude of the transient- 
current peaks. 


Relay Thermal Rating 


Is there a common denominator which may be used 
to rate small, hermetically sealed relays, a meaningful 
rating which may be applied to both general- and special- 
purpose units? “Considerations in Thermally Rating 
Small Hermetic Relays,” R. A. Holcomb, Specialty Con- 
trol Dept., General Electric Company, presents the view 
that the thermal or maximum continuous safe coil- 
voltage rating is the best common denominator because: 


. it is unaffected by relay adjustment 

it is easily understood 

3. it represents an important application limit, and 

. the thermal rating is measurable with reasonable ac- 
curacy in many applications. 

According to Mr. Holcomb, “a properly designed 
thermal life test is the only test needed to establish a 
thermal rating. Such tests are conspicuously absent from 
military specifications for relays, with thermal life being 
left to the manufacturer to measure, or not, as he sees 
fit. Whether used for rating purposes or not, thermal 


life is too important to the proper application of relays 
to be left to chance, and we need a realistic thermal- 
life specification to work to.” 

As to relay qualification tests: “It is recognized that 
anything other than direct measurement of coil tempera- 
ture offers the possibility of error.”” However, for her- 
metically sealed relays, an approximation must be used. 
Close approximations may be obtained by thermocouple 
measurement of can, base, or hot-spot temperatures. 

The need for reliability has become increasingly vital 
in current electronic systems; thus, basic thermal rela- 
tionships in relays must be known, measured and applied. 


Telephone Relay for Power Switching 


In the design of a mobile transmitter-receiver, a minia- 
ture relay was required, but it was necessary that one 
contact be capable of carrying 30 amp continuously with 
a 100-amp inrush current. To compound the difficulty, a 
life requirement of one million operations was necessary. 
How this problem was solved was the subject of the paper, 
“An Adaptation of a Telephone-Type Relay for Power 
Switching,” E. J. Piskorz, Relay Component Engineer. 
Motorola, Inc., Chicago. 

A telephone relay was chosen for this application be- 
cause it met all requirements save that of contact rating. 
Contacts of 14-in. diam composed of 65/35 per cent 
silver tungsten carbide, in conjunction with beryllium- 
copper springs, provided the solution. With 150-gm con- 
tact pressure, contact resistance did not exceed 3.9 milli- 
ohms throughout the life test of one million operations. 
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FIRING CIRCUITS for 


Silicon Controlled Rectifiers 


The silicon controlled rectifier (SCR) con- 
tinues to gain recognition in applications 
involving the control of a-c or d-c power to 
a load from an a-c supply. In time, it will 
undoubtedly be as well-known as its elec- 
tron-tube counterpart. the thyratron. The 
control of the firing. or gating. of the SCR. 
however, presents design problems which 
are somewhat different from those encoun- 


tered in thyratron circuits. 


W. J. BROWN, President 

VecTroL ENGINEERING Co. 

{ Subsidiary of Sprague Electric Co. 
Stamford, Conn. 


IN THE APPLICATION of the silicon controlled rectifier, 
one of the principal problems is the design of the circuit 
which triggers or fires the gate. Such a circuit must meet 
the following requirements: 


1. It must supply a uniform trigger pulse of sufficient 
amplitude and at the proper time. It must be capable of 
supplying this pulse at any phase angle over a 180-deg 
range and under conditions when the line voltage may not 
be up to its proper value. 

2. The pulse must have a fast rise time (measured in 
microseconds) and be of sufficient width to fire the gate. 

3. The pulse must not exceed the built-in limitations of 
the SCR at any firing angle, even under high line-voltage 
conditions. 

4. A forward gate current should not be allowed to flow 
when the anode is negative with respect to the cathode. 

5. The gate voltage should not be allowed to exceed 
the minimum specified firing voltage under any condition 
when firing is not desired. 

6. The control circuit should be capable of being activated 
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by a small signal. The sensitivity of the SCR is predicated 
upon the sensitivity of the gate firing device. 

To meet these requirements, the following basic firing 
methods have been developed: unijunction transistor 
circuits, magnetic trigger circuits, phase-shifting circuits, 
and combination circuits. A brief discussion of each of 
these methods will disclose their relative advantages and 
disadvantages. 

Unijunction Transistor Firing Circuits. A basic 
trigger circuit using a silicon unijunction transistor and 
its input and output waveforms are shown in Fig. 1. 
When the emitter voltage is low, the transistor is reverse 
biased and only leakage current flows through the 
emitter. When the emitter voltage and current are above 
certain peak points, the transistor turns on, permitting 
current to flow between the emitter and one base. The 
current is limited only by the series resistance within 
the transistor. 

In the basic circuit shown in the illustration, the 
capacitor is charged up to the point where the transistor 
starts to conduct. The capacitor discharge current then 
produces a positive pulse (V,,) which can be used to 
fire an SCR. The pulse decreases in amplitude as the 
temperature increases, tending to compensate for the 
positive temperature characteristic of the SCR. 

The relationship in time between the waveforms in 
Fig. 1(b) can be varied. By reducing either the base-to- 
base voltage or the supply voltage, the transistor can 


tam? 


Fig. 1 — Relaxation oscillator (a) utilizing unijunction transis 
tor, which can be used to trigger a silicon controlled rectifier. 
Waveforms involved are shown at (b). (Figures 1-4 are taken, 
with permission, from the General Electric Controlled Reetific: 


Manual, ECG-442.) 








be fired at any intermediate part of the cycle. A standard 
transistor is usually used to vary this voltage. Figure 2 
illustrates a circuit, a relaxation oscillator, using a uni- 
junction transistor to drive two SCR’s from an a-c 
supply. A Zener diode, CR.;, is used to clip the peaks 
of the full-wave rectifier. 

The unijunction transistor operates over a wide tem- 
perature range, gives a stable firing voltage for a very 
low firing current, has a peak current rating of 2 amp, 
and gives high effective power gain in phase-control cir- 
cuits used in low-power applications. However, it has the 
disadvantage of being over-sensitive to transients, which 
makes it necessary to provide careful shielding in three- 
phase circuits to prevent interaction between phases. it 
is difficult to provide for more than one control signal 
input to a unijunction firing circuit. Commercially pack- 
aged circuits are not generally available. 

Magnetic Trigger Circuits. These circuits contain 
either magnetic amplifiers or saturable reactors.* Each 
is basically an iron-core inductance whose impedance 
can be varied by a separate d-c control winding that 
varies the permeability of the iron core. Once during 
each cycle in the magnetic amplifier, and once during 
each half-cycle in the saturable reactor, d-c current in 
the control winding saturates the core. The saturation 


* See “Controlled Rectifiers and Magnetic 


Manuracturmnc, February 1960, p 140. 


Amplifiers,” B. J. O'Neill, Execrricar 
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Fig. 3— Hali-wave magnetic amplifier used to trigger silicon 
controlled rectifier. 


»—> 
Fig. 4— Phase-shift network for full-wave control. 


has the effect of reducing the impedance of the reactor 
winding to zero so that the full supply voltage is applied 
to the load. 

Saturable reactors provide a gate current with a reason- 
ably steep wavefront with a convenient means of control 
by a low-level d-c or a-c signal. This type of control is 
adaptable to feedback system applications and provides 
the additional advantage of permitting multiple electric- 
ally isolated inputs and outputs for complex control 
operations. 

A typical half-wave firing circuit is shown in Fig. 3. 
The gate signal for firing the SCR is obtained from 
winding 3-4 of transformer 7,. When the core of T. is 
unsaturated, its 3-4 winding presents a high impedance 
to the gate signal, so that only a small voltage is devel- 
oped across R;. When the core of JT. saturates, the 
impedance of its 3-4. winding decreases so that a large 
voltage appears at the gate of the SCR and causes it to 
fire. Resistor R. limits the gate current, and R, limits 
the gate voltage which is produced by the magnetizing 
current of JT, to prevent the SCR from firing before 
saturation. Diode D. serves the dual purpose of blocking 
the reverse voltage and preventing any reverse current 
which would produce an undesired reset of the core of T». 

Control signals can be applied to either of the control 
windings of T.. Input 2 operates in the reset modet by 
controlling the reset voltage on winding 1-2 during the 
negative half-cycle. The setting of potentiometer R, 
determines the amount of reset which, in turn, determines 
the phase angle at which the SCR is fired during the 
positive half-cycle. Other control circuits—a transistor 
amplifier, for instance—can be used instead of R,. Since 
the firing pulse is derived directly from the positive 
half-cycle of the supply, it can vary from zero to a 
maximum, depending on the firing angle. This results 
in a loss of control at extreme angles, so that the actual 
working range is about 150 deg or less. Input 1 can 
control the firing angle by varying the flux level in the 
core of T.. The current for input 1 must be obtained 
from an external power supply or from a current- 
generating type of transducer. 

Additional control windings may be added to this 
arrangement. Full-wave and multiple-phase operation 
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Fig. 5 — Simplified schematic of Silicontrol with output wave- 


forms. 


can be achieved by combining two or more half-wave 


circuits. In such circuits it is desirable to use matched 
SCR’s, since the firing angle is dependent upon the gate 
current that flows in 7. as well as on the control curzent. 
Precautions must be taken to limit the firing voltage 
at a firing angle of 90 deg, if necessary. 

Phase-Shifting Circuits. In the phase-shift method 
of firing SCR’s, an RC or RL network is used to delay 
the gate signal with respect to the anode voltage. Many 
variations of this method have been used to fire thyra- 
trons, anc many of these have been adapted to use with 
SCR’s. They offer a simple method of timing the SCR 
gate pulse in accordance with a-c power-line variations. 

Figure 4 shows a basic phase-shift network for full- 
wave phase control. To utilize both halves of the a-c 
cycle, the SCR’s are connected in inverse parallel and 
are fired by a gate pulse on alternate half-cycles. Common 
phase-shift networks are difficult to design for full 180- 
deg shifts. Balancing troubles are frequent, and it is 
essential to use matched SCR’s since the firing angle 
varies widely with variations in the voltage. This varia- 
tion results from the fact that the peak sine-wave gate 
voltage must not exceed 10 volts. while the actual firing 
voltage may vary from | to 3 volts. 

Combination Circuits. One example of a firing cir- 
cuit which combines magnetic devices with a _ phase- 
shift circuit is the Silicontrol®. This firing-circuit pack- 
age is a special form of wide-angle, phase-shifting circuit 
controlled by a saturable reactor. It offers a full 180-deg 
range of linear phase shift using a small (4 milliwatt) 
d-c control signal. 

The basic phase-shift mechanism may be explained 
with the aid of Figs. 5 and 6, which show, respectively, 
the Silicontrol circuit and the phase relationships within 
its basic phase-shift network. The latter consists of a 
series-resonant LC circuit connected across a reference 
resistor R in series with a capacitor C,. The voltages 
across these components are represented by the vectors 
in Fig. 6. The angle @ between FE, and EF, is the loss 
angle of the inductor. When the inductance of L is altered 
slightly, the relative lengths of FE, and E, are effectively 
varied. If 6 is made to stay constant by design, the point 
P will, in effect, move around the dotted circle. 

By careful design, the circular locus is made to pass 
through the input potential point X on the vector diagram 
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Fig. 6— Phase relationship of voltages in phase-shifting net- 
work of Silicontrol. 


and, since angle XAB is a right angle, the vector XB, 
or E;,, is the diameter of the circle and the input center 
tap is at the center of the circle. The vector OP, or E,,;. 
then represents an output that can be taken from the 
network varying in phase angle by approximately 300 
deg while remaining constant in amplitude. 

The inductor L is a saturable reactor, the saturation 
of whose core is varied by passing varying amounts of 
d-c through one or more of its control windings. Out- 
put of the phase-shift network is delivered to a further 
network which forms pulse spikes to drive the coupling 
transformer 7... Due to the blocking action of the two 
output diodes, positive spikes are delivered from gate 
leads G, and G. on alternate half-cycles. 
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Fig. 7-- Output vs input for standard magnetic-amplifier trigger 
and Silicontrol. 
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Comparison of Methods of Triggering Silicon 
Controlled Rectifiers 


Full 

80-deg 
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amplitude | control | Multi- 
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phase 
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trigger 
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circuits yes (over 

limited 
range 


Circuit values are adjusted so that zero d-c control- 
signal current (maximum inductive reactance in L) 
results in maximum phase delay (180 deg) and zero out- 
put from the SCR’s being gated. On the other hand, 
maximum d-c signal input (4 milliwatts) produces mini- 
mum inductance, minimum phase delay, and maximum 
SCR output. 

The characteristics of various types of control circuits 
are given in the accompanying table for comparison. In 
addition. Fig. 7 compares output vs input for the Sili- 
control and a standard magnetic trigger. It will be noted 
that zero input to the magnetic trigger provides nearly 
maximum ouput. Also, the output from the Silicontrol 
is closer to the maximum than that from the magnetic 
trigger. 

Choracteristics of Silicontrol. The phase-shift net- 
work contained in the Silicontrol circuit safeguards the 
controlled rectifier by providing a constant-amplitude 
pulse at all firing angles over a full 180-deg range. This 
provides for full control with essentially linear input- 
voltage change. as shown in Fig. 7. The diodes in the 
output circuits eliminate the possibility of inverse gate 
current. The Silicontrol can be used to fire a number 
of different SCR units, as shown in Fig. 8. 

The firing point depends only on control-winding cur- 
rent and, unlike most magnetic trigger circuits, the Sili- 
control gives a uniform firing angle which is unaffected 
by rectifier-gate impedance changes. This has the effect 
of maintaining anode current balance in full-wave, in- 
verse-parallel, or polyphase circuits. As d-c control volt- 
age is increased, the full-range phase-shift feature pro- 
vides smooth control over the output voltage. 

The multiple control-signal windings may be connected 
in parallel, series, or opposition to obtain various types 
of control. They can be used for performing functions 
in multiple feedback networks such as voltage regulation, 
IR load-current compensation, current limitation, anti- 
hunt stabilization. and line-voltage stabilization. 

Control Circuits. The response of the Silicontrol to 
control-signal current is approx 8 millisec. The response 
to signal voltage change is entirely dependent on the L/R 
ratio of the control circuit. The inductance and resistance 
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Fig. 8— Maximum and minimum gate pulse amplitudes for 


Silicontrol compared with representative minimum gate pulse 
requirements for various silicon controlled rectifiers. 


of the complete control circuit contribute to the time 
constant. Two time constants are important. The first, 7;, 
is the inherent time constant, in seconds, of the control- 
winding combination. It is expressed by 
%F = L;/R; 

where 

L inductance of the control-winding combination 

R resistance of the control-winding combination 
The second time constant is 7,, for the complete control 
circuit. It is determined by 





3600 N 


> 
Fig. 9— Time constant and voltage sensitivity vs external cir- 


cuit’ resistance for various control-winding combinations 
(series). Data is for Type A Silicontrol. 
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__ oR, 
aR ee a 
where R, total effective external circuit resistance. 
The variation of +, (and control voltage sensitivity, 
which will be discussed later) with R, for various com- 
binations of control-winding series connections is given 
in Fig. 9. These curves are for one of three available 
types of Silicontrols. Similar curves have been determined 


for the other types as well as for parallel connections 


of the control windings. 

For some applications, it may be desirable to use two 
or more control windings in separate circuits in a single 
application. In such cases, the time constant for each 
input circuit should be calculated separately. The time 
constant of the complete system is the sum of the time 
constants of the individual input circuits and this system 
constant reflects back into each individual input circuit. 
The result of this reflection is that the system reacts at 
system speed to changes in individual inputs. In cer- 
tain cases, such as current-limiting applications, the 
time constant of the current-limiting circuit should be 
included only when the circuit is activated by an overload. 

Sensitivity. In applications using the Silicontrol, sen- 
sitivity is defined as either the voltage or the current 
needed for full 180-deg control. In either case, a low 
figure indicates high sensitivity. 

The voltage sensitivity of the control circuit depends 
on both the inherent resistance of the control windings 
and the effective resistance of the external part of the 
control circuit. The net voltage sensitivity of all windings 
connected in a circuit is 

V., = Vi/p 
where 

V; = sensitivity of each winding 

p ==number of windings in parallel) 

The voltage sensitivity of the complete circuit is 


VY, = Vi (R; + R,)/R; = Vit R; + R,)/pR, 


¢ 1 


Variation of V. with R, for one type of Silicontrol is 
given in Fig. 9. The value of V; for this type is 4.5 
volts. Other types have winding-sensitivity values of 
1.5 and 0.5 volts. 

In designing control circuits, attention must be given 
to whether or not the control current necessary for maxi- 
mum SCR conduction can possibly be exceeded. When 
conduction over the full 180 deg is achieved, even a small 
value of excess control current can advance the timing 
of the gate spike to a point ahead of the start of the 
cycle (Fig. 10). Under some conditions, this over-control 
feature for conduction angles in excess of 180 deg can be 
useful, making the circuit act as a circuit breaker. 

The principle can be illustrated by the circuit shown 
in Fig. 11. In this circuit, where the load is a simple 
resistive one, a feedback arrangement is used to com- 
pensate for changes in line voltage and load current. 
That is, the voltage across the load, E;, is applied to the 
control winding in opposition to the reference or com- 
mand voltage E,. The difference is an error signal £,. 
Note that, in this case, FE, is a fraction of V,, the voltage 
sensitivity. In the circuit in Fig. 11, D, and C, prevent 
full power output in the event that the reference voltage 
is lost. The diode, D,, prevents a reverse current in the 
windings, while C, prevents the formation of a spurious 
error voltage from the rectification of the residual ripple. 
The combination of these two elements is a patented 
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big. Li 
conduction. Firing angle less than 0 deg causes zero conduction. 


Effect of increased control current beyond point of full 


LI Feedback control circuit using Type A_ Silicontrol. 


circuit which can be used only in combination with the 
Silicontrol. 

The process of over-control in this circuit is self- 
completing since E; drops to zero when the SCR is cut 
off, allowing the control signal to increase to the refer- 
ence-voltage level. The only way to reset the circuit is to 
cut E, by decreasing R, to the zero voltage level. How- 
ever, if this “circuit breaker” feature is not desired, 
over-control action may be prevented by placing Zener 
diode D 
at the winding to any desired value, depending on the 
position of the tap on R,. Precise control is aided by 
adding Zener diode D. and filtering the reference supply. 

O00 


as shown. This limits the voltage appearing 
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Tests Confirm Merits of 


Non-Silicon 
Lamination Steel 


Designers and users of small and fractional- 
horsepower motors are generally not aware 
of the fact that economical low-carbon lam- 
ination steels are widely used in such 
motors, with entirely satisfactory results. 
Realistic analysis of total motor losses shows 
that the one core-loss factor which may be 
reduced by the use of silicon steel is a minor 
element in actual motor performance. Com- 


parative tests confirm this hypothesis. 


s. S. WOLFF, Consultant 
Macnetic Metats Company 
Camden, N. J. 


DespirE silicon steel’s superior electrical properties and 
its ability to reduce eddy-current losses, its effect in 
terms of overall motor losses is relatively insignificant. 
For more than ten years, major motor manufacturers have 
been using properly annealed, low-carbon, commercial- 
grade steel, with zero silicon content, for small-motor 
laminations. Performance characteristics of these motors 
is entirely comparable to those of the pre-1950 motors 
employing silicon steel. However, many small and 
medium-sized manufacturers of motors continue to specify 
silicon steel as a matter of course, not realizing that the 
presence or absence of silicon in the steel used for 
small-motor laminations does not affect motor perform- 
ance to any appreciable extent. 

Instead of specifying “electrical grade” steel (AISI 
Grade M-36) for stator and rotor laminations of frac- 
tional-horsepower motors and for some motors of up to 
5 or even 10 hp capacity, as is customary, a “commercial 
grade” low-carbon steel can be used effectively and may 
be 30 per cent lower in cost. A primary key to the suc- 
cessful use of the non-silicon steel is proper annealing 
to improve aging characteristics and increase lamination 
interface resistance. as will be discussed. 

The basic oversight in the tendency to specify silicon 
steel for laminations lies in the fact that core loss may be 
the least of the losses in a motor. Stray load losses, 
winding copper losses, and bearing and air-friction power 
dissipation can total 90 per cent of the total motor loss, 
so that small variations in core loss are almost negligible 
in overall motor performance, including temperature rise 
and efficiency. 

The silicon in “electrical steels” increases the basic 
resistivity of the iron, so that the /?R losses due to eddy 
currents within laminations are reduced. The other ele- 
ment in core loss—hysteresis loss—is constant for a 
given magnetic material, and is a minor factor in any 
case. A more important consideration is loss due to eddy 
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currents having paths through an entire core or stack 
of laminations, which can be minimized only by provid- 
ing insulating or high-resistance surfaces between lamina- 
tions. One of the purposes of properly controlled anneal- 
ing of steel for laminations is to provide a uniform sur- 
face of high-resistance iron oxide on the sheet material. 

A low-carbon steel called “controlled-carbon content” 
steel was evolved by the Magnetic Metals Company specifi- 
cally for motor laminations, to have the most desirable 
electrical and aging properties for the purpose. The 
“aging” property of steel causes an increase of core loss 
and a reduction of permeability, these changes increasing 
with higher temperature. The term “non-aging” is usually 
applied to a steel whose properties do not change more 
than one per cent when tested in accordance with ASTM 
Standard Definition A-340-49 (aging coefficient, core 
loss) ; the test consists of measuring core loss before and 
after subjecting motor laminations to a temperature of 
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Fig. 1 Magnetization curves, 60 cycle, for 24-gage low-carbon 
steel (Magnetic Metals Company “Motork”) and for AISI 
M-36 grade silicon steel. The latter curve is a composite of data 
from various manufacturers of sheet silicon-steel lamination 
stock. 
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Fig. 2— Comparison of load-performance characteristics of induction motors, 4 hp, three-phase, 3600 rpm, 220 volts, 60 cyeles, 
identical except for lamination materials: low-carbon steel (left) and M-36 silicon steel (right). 
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Fig. 3 
60 ecyeles, identical except for lamination materials: 


100 C for 600 hr. Proper annealing of steel for lamina- 
tions not only provides the desirable surface coat of high- 
resistance oxide, but removes impurities that may con- 
tribute to aging. 

Comparative Tests. Samples of the Magnetic Metals 
Company low-carbon and conventional silicon motor 
laminations of identical configuration were Compared. 
Eight sets of stator and rotor cores were wound with 
identical windings in pairs to produce duplicate motors 
of both lamination types. The eight assemblies were 
placed in an electric furnace with the rotors in their 
normal operating position. Furnace temperature was 
maintained at 100 C, and at 24-hr intervals over a period 
of 600 hr the core losses were measured. It was found 
that neither type of motor lamination assembly had in- 
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Comparison of load-performance characteristics of shaded-pole motors, 1/15 hp, single-phase, 1050 rpm, 115 volts, 
low-carbon steel (left) and M-36 silicon steel (right). 


creased in core loss, and that both could properly be 
identified as “non-aging” according to ASTM specifica- 
tions. A comparison of the magnetizing characteristics 
of the “Motork” low-carbon steel and standard M-36 
grade silicon steel is shown in Fig. 1. Due largely to 
the controlled annealing process used for the low-carbon 
steel by Magnetic Metals Company, the material shows 
a higher permeability at higher magnetic inductions than 
the M-36 silicon steel, as indicated by the curves. 
Comparison performance curves for three types of 
motor in which low-carbon “Motork” laminations and 
silicon steel laminations were employed in otherwise 
identical pairs are given in Figs. 2, 3 and 4. Little, if 
any, difference can be discerned in any of the charac- 
teristics. Ooo 


Power factor ,per cent 
100 





oo 
joo 





NM 
oO 


Torque ,oz-in 





oa 


ow 





| 





Ww 


Nm 




















Line current, amp 





99 


008 0.12 02 
Motor output ,hp 


Comparison of load-performance characteristics of universal motors, 1/5 hp, single-phase, 115 volts, 60 cycles, identical 


except for lamination materials: low-carbon steel (left) and M-22 silicon steel (right). 
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Electrochemical Energy Sources 


Nickel / Cadmium Batteries 


This article, describing the properties, reactions, design, operation 


and mechanism of damage of nickel/cadmium batteries, is a follow- 


up of a preceding article (June 1961) on silver oxide/zinc batteries 


and the basic technology of galvanic power sources. 


R. W. SCHULT 
AEROSPACE CORPORATION 
Los Angeles, California 


W. T. STAFFORD 
Space TECHNOLOGY Laporateories, INc. 
El Segundo, California 


A BATTERY MAY BE considered to be an energy device of 
high reliability.+ The nickel /cadmium battery, since it is 
a secondary battery, has the added advantage of checkout 
for required performance prior to its use. The factors 
which affect the life of a battery are temperature, dis- 
charge rate, charge rate, and utilization of capacity. By 
proper selection of a required battery and control of 
these parameters, a very high degree of reliability may 
be attained. However. this achievement of reliability is 
made at the expense of an increase in volume and weight, 
either in the battery or associated regulators. For exam- 
ple, in order to utilize a smaller fraction of the capacity, 
it is necessary that a battery of greater ampere-hour 
capacity be used, the battery weight being almost directly 
proportional to capacity. 

At their present state of development. nickel /cadmium 
batteries are capable of delivering about 10 watt-hr/lb 
and 0.8 watt-hr/in.* for a single discharge of the 1-hr 
rate at room temperature. The effect of temperature on 
cyclic life, however, is drastic at the higher temperatures. 
Work now in progress by various manufacturers indi- 
cates that a significant improvement in cell capacity will 
be forthcoming by the end of 1961 (about 15 watt-hr per 
lb). Since cell volume will remain constant, an output of 
about 1.6 watt-hr/in.* is expected. The maximum theo- 
retical capacity of the nickel /cadmium 
watt-hr per lb; consequently, the ultimate achievement 
will not be more than 30 to 35 watt-hr per lb. 


system is 95 


Properties and Reactions of 
Nickel/Cadmium Cells 

The nickel/cadmium battery is based on an electro- 
chemical system characterized by a high order of rever- 
* At the time this article was prepared, Mr. Schult was affiliated with Space 
Technology Laboratories, Inc. 


+ The basic technology of galvanic power sources was discussed in the preceding 
irticle on silver oxide/zine batteries, p 84, June 1961 Execrro-TrecHNo.ocy. 
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sibility. The cell. alkaline with an aqueous potassium hy- 
droxide solution as the electrolyte, is governed by the 
following chemical reaction: 

discharge 
21,0 . ” Cd(OH). + 2Ni(OH) (1) 


charge 

\ listing of some of the performance characteristics 
(see accompanying table) illustrates the advantages and 
disadvantages of the nickel/cadmium system. It must be 
pointed out that temperature ranges as well as other 


Cd + 2Ni00H 


parameters or battery characteristics specified here are 


Properties of Nickel/Cadmium Batteries 


Advantages 


*Cyclic Life: Lifetimes of 15,000 or 
more cycles can be expected at 5 per 
cent storage utilization, while up to 
1500 cycles can still be expected at 
38 per cent utilization. Cyclic life is 
primarily a function of the cell 
capacity utilized per cycle. 


*Storage Life: The cells may be 
stored in the charged or discharged 
state indefinitely with little deter- 
ioration. 


*Charge Retention: As little as 20 
or 30 per cent of battery capacity 
may be lost in a year due to self- 
discharge at temperature. 
Lower temperatures favor reten- 
tion of charge. 


room 


*Charging: The battery exhibits a 
high degree of tolerance to over- 
and under-charging. Periodic over- 
charging or high-rate charging in- 
creases cyclic life. 


*Gassing: Hermetically sealed cells 
are available which solve most of 
the problems of gassing on charge 
or discharge. 


*Temperature: Batteries will func- 
tion from 


at the extremes of temperature. 


|} room 


60 to +200 F. In gen- | 
eral, however, performance falls off | 


Disadvantages 


*Electrolyte Contamin- 
ation: The electrolyte of 
batteries open to the 
atmosphere absorbs car- 
bon dioxide. This carbon- 
ate contamination de- 


grades performance. 


*Gassing: In the sealed 
variety, high rates of 
charge may cause rupture 
of the cell, perhaps with 
considerable violence. Un- 
less provided with a heat 
sink and/or current-limit 
ing devices, such cells are 
subject to thermal run- 
away. 


*Charge Retention: At 
temperatures much above 
temperature, the 
cells may undergo a self- 
discharge in as little as a 


| week. 


*State-of-Charge Indi- 
cation: An accurate de 
termination of the amount 
of energy stored in the 
battery cannot be made 
with ease. 


*Storage Life: Cells 
stored in the charged 
state suffer self-discharge. 





not necessarily true for any particular nickel/cadmium 
battery. They are merely representative of the advan- 
tages of the batteries as a class. 


Design Criteria 

The nickel /cadmium cell takes two basic forms, the 
principal difference being in the construction of the 
plates. The problem of holding the active anode and 
cathode materials was solved by two methods: 


1. The pocket or tubular plate. As the name implies, the 
active materials are held in perforated metal (nickel or 
nickel-plated iron) pockets, themselves fastened to metal 
erids forming the plates. They are sometimes known as 
Jungner cells. Another type of plate construction is some- 
what akin to the pocket-plate construction. where the active 
electrode materials are in cakes wrapped in wire screen or 
mesh. 

2. The sintered-plate cell. The active materials are con- 
tained in a nickel plate of high porosity (about 80 per cent) 
formed from sintering nickel powder on a metal screen or 
perforated metal support. 


The pocket-plate nickel/cadmium battery has found 
application principally for engine starting, emergency 
power and switchgear control. Most of the smaller (up 
to about 20 amp-hr) “rechargeable” sealed nickel /cad- 
mium cells currently available are of a construction 
similar to the original pocket type. although a transition 
to the sintered-plate type is being made. It is expected 
that the sintered-plate battery will ultimately replace the 
Jungner battery in most applications. 

With development of the sintered plate. the highly de- 
sirable characteristics of the nickel/cadmium system 
were increased. especially with respect to an increase in 
ability to deliver power at high rates, with a great energy 
storage per weight and volume. Recent development has 
centered about pressure venting and hermetic sealing of 
the sintered-plate cell. 

The weight-volume-power advantage of sintered-plate 
construction, coupled with the obvious advantages of 
hermetic sealing and long cyclic life. have thus far made 
this cell the most common for power storage in satellite 
electrical systems. The design criteria for minimum 
weight and volume in any mechanism to be lifted into 
space preclude consideration of the Jungner cell for such 
applications. 

Cell designations [button, cylindrical and prismatic 
(rectangular) ] refer to the packaging and do not neces- 
sarily indicate the internal structure of the battery or 
cell. Sintered-nickel plate cells as well as cells of other 
plate construction are packaged in nearly identical cases. 
The sintered plates are sometimes formed into cylinders 
or a sandwich of plates and separator material and rolled. 
forming a battery of a helical plate structure. The 
sintered plates may also be cut into circular forms. 
stacked and enclosed in cylindrical cases. 


Cell Closure 


Available nickel/cadmium batteries not only differ in 
plate construction, but also exhibit different methods 
of cell closure. Cells may be open to the atmosphere, 
vented, sealed and hermetically sealed. 

Open construction appears quite like the familiar lead- 
acid automotive and storage batteries. Filler caps are 
provided which have a hole to allow free escape of the 
gas evolved in cycling. Vented cells are provided with 
a safety valve which operates when a preset pressure 
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difference between the cell interior and exterior is ex- 
ceeded. Sealed cells are closed to the atmosphere sur- 
rounding the battery by such devices as gaskets, “O” 
rings and similar devices. Hermetically sealed cells are 
closed by welding metal to metal, by fusing metal to 
glass, or by various other techniques which may make 
the case an integral air-tight structure. The distinction 
made here between sealed and hermetically sealed con- 
struction may not be adhered to by manufacturers. For 
this reason, it must not be presumed that the term 
“hermetic,” as used by manufacturers, indicates an in- 
tegral, fused closure. It is felt that adherence to the more 
strict definition of “hermetic” would be of benefit. 

Case materials vary according to application. Where 
weight is important, plastics case materials are used. 
with batteries confined by a metal holder or carrier. 
Hermetic sealing or pressure venting requires metal case 
construction (nickel-plated steel). Plastics have been used 
as case material for sealed cells, but such cells require 
a metal container for support while being charged. 

Usually the pocket-plate batteries and some varieties 
of sintered-plate batteries are more or less open to the 
atmosphere. Two problems exist for this kind of packag- 
ing: contamination of the electrolyte with potassium car- 
bonate, formed from dissolved atmospheric carbon di- 
oxide, which degrades performance: and the necessity 
to operate the battery in an upright position. 

A vent which operates at a particular pressure pro- 
vides a means of partially overcoming these difficulties. 
Carbonate contamination is eliminated and the battery 
may be discharged in any position. However, charging 
must still take place in the upright position due to pro- 
duction of gas on charge, perhaps building up pressures 
sufficient to operate the vent and cause electrolyte loss. 

To provide a nickel/cadmium cell which will oper- 
ate both on charge and discharge in any orientation, a 
completely sealed package is necessary. Closure is made 
by nylon washers and similar gasketing materials. Al- 
though a variety of methods has been tried, a truly 
hermetic seal is difficult to realize: for instance, a glass- 
to-metal or ceramic-to-metal seal is used on some cells. 

The problem of gassing is still present in (hermetically ) 
sealed cells. Special provision is made in the plate struc- 
ture to permit the recombination of the gases formed 
in charging. For safety, cells are sometimes provided 
with a seam, plug, or similar structure which will rup- 
ture before dangerous overpressure develops. To preclude 
the development of overpressure, charging must usually 
be performed at reduced rates. 

In the pocket-plate cell, plate separators are polystyrene 
rods with sheet hard rubber for plate-to-container wall 
separators. In the earlier sintered-plate cells, the same 
separator design was used, as were filament separators. 
Improvements in the capacity of the sintered-plate cell 
were made by the use of thinner plates. For the thin 
plates the rod separators are not adequate, and sepa- 
rators made from cellulose, synthetic fabrics, woven or 
felted nylon have subsequently been used. 


Electrolyte 


An aqueous solution of potassium hydroxide is the 
electrolyte in the nickel/cadmium cell. Solutions of spe- 
cific gravity in the range of about 1.20 to 1.40, corres- 
ponding to 20 to 40 per cent potassium hydroxide by 
weight, are used. Increasing the hydroxide concentration 
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improves the cell capacity and voltage regulation. The 
Jungner cell electrolyte has a specific gravity of 1.210. 
Since a gradual weakening takes place over a long 
period of time, for best operation the electrolyte is re- 
placed at a specific gravity of 1.190, while replacement 
is mandatory at 1.170. The sintered-nickel plate-cell 
electrolyte specific gravity is usually 1.30. 

A phase diagram for the aqueous potassium hydroxide 
system is given in Fig. 1. This diagram indicates the 
behavior of the electrolyte as a function of temperature 
and composition and indicates some desirable features 
of the 1.30 specific gravity electrolyte. Concentration 
of the electrolyte varies only slightly between the fully 
charged and fully discharged state in the cell. Thus. 
specific gravity is not here considered a good indication 
of the state of charge, as is the specific gravity of the 
acid electrolyte in the lead storage battery. 

In cells open to the atmosphere, contamination of the 
electrolyte by solution of carbon dioxide occurs which 
affects the cell performance adversely. Operation at high 
rates and low temperatures is most adversely affected. 
Concentrations of 30 to 90 gm of potassium carbonate 
per liter of electrolyte may be tolerated: 30 gm/liter is 
the limit for high-rate operation, 90 gm/liter for low: 
rate operation. Although the mechanism is not clearly 
understood, interference in the cell reaction occurs at 
the negative plate. Certainly one factor is the relatively 
poorer electrical conductivity of the potassium carbonate 
solution. However. a more complex effect of passivation 
of the negative active material is believed to be the 
major effect. 

In an open nickel/cadmium battery constructed with 
electrochemical equivalents of active materials in the 
electrodes, at full charge or discharge. evolution of hydro- 
gen and oxygen will occur if current continues to be 
passed through the cell. The evolution will occur in the 
ratio of 1:2 for O.:H.. with the same conditions as in 
the electrolytic decomposition of water. 

Various means have been proposed to prevent pressure 
buildup subsequent to sealing. The following is a repre- 
sentative sample of such means: 


@ Use of an excess of negative-plate active material with 
respect to the positive plate. Charging then evolves oxygen 
at the positive, which reaches full charge first. The excess 
cadmium and the oxygen then react to form cadmium oxide. 

e@ Pressure switches which sense overpressure. Charging 
is interrupted until the gas can react and reduce the pres- 
sure to a safe level. 

e Absorption of hydrogen gas on active materials such 
as silver, silver oxide, or mercuric oxide. 

@ Compression of the plate materials to provide a surface 
more favorable to recombination of the gases. 

@ Catalytic recombination of hydrogen and oxygen on a 
heated platinum or platinum oxide coated wire. 


Mechanism of Operation 

The process which makes overcharge possible in present 
sealed cells may be described as follows: the cell is con- 
structed with an excess 
equivalent amount) of cadmium in the negative electrode 
with respect to the nickel hydroxide in the positive elec- 
trode. Assuming we start with the cell fully discharged 


(more than electrochemical 


and then charge it, oxygen will normally be evolved at 
the positive electrode and hydrogen at the negative on 
reaching full charge. when the active electrode materials 
have been converted to their “charged” forms. However, 
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Pig. | ~ Potassium hydroxide (KOH) electrolyte concentration 
as affected by temperature (KOH-——H20 system). (“L” is liquid 
phase of aqueous KOH in equilibrium with other components.) 


due to the excess of cadmium, evolution of gas will 
begin first at the positive electrode. If the cell is de- 
signed in such a way that this oxygen has free access to 
the excess metallic cadmium, it will react to form cadmium 
hydroxide. For a particular charging current, an equilib- 
rium will be established between the formation of oxygen. 
the reaction of oxygen with metallic cadmium to form 
admium hydroxide, and the conversion of cadmium 
hydroxide to metallic cadmium by the normal charging 
process. The production of hydrogen cannot occur at 
the negative (cadmium) 
process (energetically) being available. 

The reaction which governs the sealed nickel /cadmium 
cell had been postulated as: 


electrode, a more favorable 


2Cd + O, + 2H.0 > 2Cd(OH)» (2) 


However, in 1958, Boars indicated the reaction mechanism 
to be of an electrochemical nature: 


20. + 2H2 + 4e — 20H 2HOs (3) 


Reaction (3) takes place in the three-phase boundary 
zone of solid conductor, electrolyte and gas in contact. 
Reaction (4) occurs at the Cd electrolyte interface: 


2Cd + 40H- — 2Cd(OHl). + de (4) 


Perhydroxyl ions decompose spontaneously: 


2HO.-———> 20H- + O; (5) 


Summation of Reactions (3), (4) and (5) results in the 
net reaction: 


2Cd + O. + 2H.0 — 2Cd(Ol1)» (6) 


which is the same as the postulated reaction. 

This concept of the oxygen-reduction mechanism is 
presumed to be similar in nature to the oxygen-electrode 
mechanism researched in connection with the develop- 
ment of fuel cells. As a consequence, modification of elec- 
trode surface structures and materials will be of benefit, 
as it was in improving the oxygen electrode. 


Polarity Reversal 


The phenomenon known as polarity reversal occurs 
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1) Constant-current charge terminal voltage for typi- 
cal sealed and open nickel/cadmium cells. (b) Prismatic or 
rectangularetype cells showing typical charge current vs charge 


time at constant voltage charge. Jo is a rated current (/;). 


in the nickel /cadmium cell when current passes through 
the discharged cell in the same direction as the discharge 
current: that is. the cell will take a reverse charge. A 
“reverse” capacity will develop in the cell as this charg- 
ing continues. however. and a point is reached with 
sealed cells which results in permanent damage to the 
cell. If not reverse-charged beyond the point of break- 
down, the cell wiil take a normal charge without loss of 
capacity. 
Among the 
problem of gassing and _ polarity 


mechanisms employed for solving the 
reversal on overdis- 
charge is the antipolar method. Such gassing occurs when 
some of the plates of a battery are depleted before the 
remainder of the plates of the cells in series. The anti- 
polar mass depends on suppression of hydrogen evolu- 
tion at the positive plate. To achieve this, cadmium o1 
cadmium hydroxide is included in the positive plate 
material during manufacture. On overdischarge. the 
cadmium hydroxide must be converted to cadmium before 
the evolution of hydrogen may take place. Oxygen, if 
evolved at the negative plate, is in equilibrium with the 
cadmium and cadmium hydroxide by the mechanisms 


described: for overcharge. 


Operation and Damage Mechanisms 


Any of the three usual means of charging may be 


ne 


3 — Typical constant-current discharge for sealed sintered-p'ate, size F (4 amp-hr capacity) : 


applied to nickel/cadmium batteries; i.e., constant cur- 
rent, constant potential, or modified constant potential. 
However, constant current or modified constant potential 
charge are usually employed. 

Since the reversible potential for the nickel-cadmium 
system is 1.30 volts at room temperature. charge will 
take place at voltages greater than this value. Voltages 
as great as 1.75 are employed: however. certain restric- 
tions are made for sealed and hermetically sealed types. 
Since the electrolyte decomposes above 1.47 volts as the 
cell nears full charge, charge current is reduced at this 
value—i.e.. a modified constant potential charge. Float- 
ing or trickle charge takes place at about 1.40 volts/cell 
or less. Constant-current charge is normally recommended 
for sealed cells. The rate is reduced, usually to about one- 
tenth the l-hr rate, with a charge time calculated to re- 
turn 120 to 160 per cent of the rated capacity. However. 
it is not necessarily true that higher charging rates are 
completely inadvisable. Typical charge and discharge 
characteristics are shown in Figs. 2 and 3 for both sealed 
and non-sealed cells. 

Extended charge at prohibitively high currents can 


also cause damage to sealed cells, especially if sufficient 


provision is not made for controlling cell temperature. 
As the cell approaches full charge, an increased fraction 
of the charging current produces heat. The internal re- 
sistance of the cell decreases and (if not limited) the 
current increases. with a corresponding increase in heat. 
Methods employed to circumvent this difficulty include 
limiting the current to a safe value, reducing the current 
to a safe value as full charge is approached, controlling 
current as a function of cell temperature, and providing 
adequate heat sinks and/or radiators. 

Overcharging at too high a rate and at low tempera- 
tures will cause damage to the cells from excess internal 
pressure. Here the mechanisms associated with oxygen 
recombination are operative. In the case of too high a 
rate, recombination may be diffusion-limited; in the 
case of low temperatures, certain steps in the recombi- 
nation may be rate-limited as a direct function of tem- 
perature. To prevent this type of damage, overcharge 
rates are held below 500 milliamp/amp-hr of battery 
capacity. 

Normally. discharge is carried to 1.0 to 1.1 volts/cell. 
The capacity increases very little if discharge is con- 
tinued to zero volts (as may be seen from typical voltages 
on the discharge curves), while cyclic life may be de- 
creased. The nominal capacity of the cell is frequently 
specified at these end voltages and the 1-hr rate. Voltage 
regulation typically available would be 1.42 volts on 
charge with an end voltage of 1.10 volts or (12.7 per 
cent of the median voltage. The average voltage/cell at 
the rated capacity discharge is usually 1.20 to 1.25 volts. 
with the open-circuit voltage being 1.30 volts. 


Time ,hr 


(a) 20- and 30-amp discharge, 


l5-amp discharge, (c) 4.2-amp discharge, (d) 800-milliamp discharge. 
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Charge retention in sintered-plate nickel/cadmium 


Parallel connection of cells is not recommended. Dif- 
ferences in internal resistance and capacity from cell to 
cell usually result in large variations in the state of 
charge after cycling. The end result then is excessive 
charge current in some cells and polarity reversal in 
others. In series connection, the cells are subject to 
polarity reversal if discharge is carried to a low end 
voltage; the reversal here is also the result of mino1 
differences in capacity from cell to cell. The cell. first 
discharged completely, is then charged in reverse. Diodes 
are employed in cases where ampere-hour requirements 
dictate parallel cell interconnection, a case analogous to 
the blocking diodes employed in solar arrays to prevent 
reverse current flow through shadowed units which are 
at a lower potential than the brightly illuminated units. 

In some applications, the battery must stand charged. 
Unless trickle charged. a loss of capacity typified by 
Fig. 4 will occur, a loss which increases rapidly with 
increasing temperature. This loss is not permanent—4.e., 
it is recovered on the next cycle: however. continued 
cycling of this nature brings about a permanent loss in 
available capacity. 

To complete the picture of battery behavior. Figs. 





Cell life as a function of utilization. 


4¢ rent nu pie of 


Fig. 5 — Prismatic or rectangular-type cells, per cent of avail- 
able capacity vs discharge current (capacity in amp-hr and watt- 
hr). (Cyo is capacity in amp-hr used in rating a battery. Wh is 
capacity in watt-hr.) 


Fig. 6— Prismatic or rectangular-type cells, per cent available 


capacity vs operating temperature. 


6 and 7 show available capacity vs discharge rate and 
temperature, and cyclic life vs storage utilization, which 
are typical of sealed nickel/cadmium cells. Figure 7 
illustrates the least well-defined property of nickel /cad- 
mium cells: cyclic life. Probably the two most important 
parameters in decreasing battery life are overcharge rate 
and operating temperature. Both have a drastic effect 
in shortening life and it is here that battery manufacturers 
must make improvement rather than in a general increase 
in energy density. 

The following general statements may be made con 
cerning cyclic operation of nickel/cadmium cells, but 
should not be considered hard and fast rules: 


@ Cvelic life 


capacity, 


decreases with increasing utilization of 


2 Available capacity decreases at the operational tem- 
perature extremes, with a maximum in the vicinity of room 
temperature. 

e High-rate charging and moderate overcharging tend 
to improve or maintain available capacity. 

e@ Cyclic life decreases markedly with increasing tem- 
perature. 

@ Maximum safe overcharge current decreases with de- 
creasing temperature. 


Bibliography 


“The Cadmium-Nickel Storage Battery,’ Anna P. 
Electrochem. Soc., 76, p 435, 1939. 

“Sintered Plates for Nickel-Cadmium Batteries,” 
J. Electrochem Soc., 94, pp 289-299, 1948. 

“The Durac Nickel-Cadmium Battery,” C. 


search Council, Can. Elec. Eng 


Hauel, Trans 
Fleischer, 


D. Chu, National 
Radio Br. Rept. ERB, p | 


LOOK NEXT MONTH 
t Unconventional Power Sources. 
I Electro- 


chemical Energy Sources, 





Thermal Design Considerations in 


THIN-FILM MICROELECTRONICS 


The term “thin-film microelectronics” ts 
defined here as circuits made up of two- 
dimensional passive and essentially two-di- 


mensional active elements deposited or 


mounted on thin wafers of insulating sub- 


strate materials. When individual units of 


this kind are joined together — usuall) 
to form cubes — the problem of heat dissi- 
pation becomes of major importance. Many 
of the conclusions reached here are also 
valid for the “‘micro-module” approach. 


where subminiature. three-dimensional com- 


nonents are used. 


J. R. BAUM. Senior Staff Engineer 
Mechanical Engineering Laboratory 
Mororoia INCORPORATED 

Scottsdale. Arizona 


THE PROBLEMS ASSOCIATED with adequate thermal design 
in thin-film microelectronics are basically the same prob- 
lems faced in conventional packaging techniques. Heat 
dissipated by electrical elements must be transferred to 
some ultimate sink without allowing the components to 
reach excessive temperatures. The extremely small size 
of the individual “parts” on a substrate. the small size 
of the substrate. and the potential high-density packag- 
ing are special characteristics which must be considered. 
On the other hand, the inherent high-temperature capa- 
bilities of thin-film passive elements and the good con- 
duction paths between the elements and the substrates 
must be taken into account as modifying factors. 

A study of heat transfer in microelectronics logically 
breaks into two areas of consideration. These are, first. 
the thermal characteristics of the individual circuit ele- 
ments and, second, the modes of heat transfer and tem- 


perature gradients in probable substrate assembly con- 
cepts. 

Both digital and analog (linear) circuits will be con- 
sidered here. In general, higher power levels are asso- 
ciated with the analog circuits. and the number of sub- 
strates per functional assembly is less than in most 
digital applications. Any resultant differences in thermal 
characteristics will be brought out wherever applicable 
in the discussion. 

Thermal Characteristics. The configuration, tem- 
perature limitation, and heat dissipation of typical thin- 
film circuit elements are major thermal parameters of 
interest. Resistive, capacitive and conductive elements 
are extremely thin films deposited directly on the sub- 
strate material. Transistors and diodes are semiconducto1 
dice on the order of 0.050 in. square and 0.003 in. thick. 
These dice are usually mounted on the substrate by direct 
soldering. Fine wires or conduction pads are used for 
the electrical connections. Because of intimate contact, 
the thermal resistance between the active elements and 
substrate should be negligible. 

The substrates themselves are typically 0.020-0.030 in. 
thick quartz, Fotoceram, or alumina wafers, 4 to 1 in. 
square. The thermal conductivities of the substrate ma- 
terials are approximately 1.20 Btu/hr-ft-deg F for quartz 
and Fotoceram and 12 Btu/hr-ft-deg F for alumina. The 
relatively higher thermal conductivity of alumina, which 
is in the neighborhood of that of stainless steel, may be 
desirable in areas where critical thermal problems exist. 

The particular type of electrical function to be per- 


Comparison of Digital and Analog 


Component Densities 


Digital circuit Analog circuit 


| | 
Number | Per cent Number Per cent 
: 
per 14-in. | of per 14-in. of 
square | substrate 


| substrate | area 


Type of | substrate 


element 


square 
substrate area 


Resistor 5-20 10 ) 10 
Capacitor 
Transistor: 


diodes 
Conductors 
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formed determines the exact configuration of components 
on the substrate; however, certain generalizations can 
be made. The accompanying table summarizes the range 
of expected population and spatial distributions for the 
two major types of circuitry on a typical 14-in. square 
substrate. 

The area of the heat-dissipating resistors and transist- 
ors is about the same for both digital and analog cir- 
cuits, and it is anticipated that the dissipating elements 
will be well distributed over the substrates in most cases. 

Thin-film capacitors, resistors and conductors have 
maximum allowable operating surface temperatures of 
200 C. Germanium transistors and diodes are limited to 
85 to 100 C junction temperatures, while the junction 
temperatures of silicon types must not exceed 150 C for 
reliable continuous operation. Transistors then become 
the limiting factor in thermal design, with the maximum 
allowable substrate temperature corresponding, in most 
cases, to the maximum allowable transistor junction 
temperature. 

The expected power dissipations of the resistive ele- 
ments and the transistors and diodes will cover a very 
large range of values, depending on the type of circuit 
and the heat-transfer limitations. In general, digital cir- 
cuits will have low power dissipations in the order of 
0.1 watt per substrate. Analog circuits may have power 
densities as high as 1 watt per substrate. In both analog 
and digital circuits, about 20 to 30 per cent of the heat 
is dissipated in the transistors and the remainder in 
the resistors. 

Heat Transfer in Substrate Assemblies. The 
modes of heat transfer from the heat-dissipating ele- 
ments on the substrates to the ultimate sink depend on 
the particular substrate packaging technique. The ex- 
treme, on the one hand, is the case of a single substrate 
located far enough from any other substrate to be inde- 
pendent of any direct thermal effects from it. The opposite 
extreme is reached by stacking the substrates in intimate 
contact with one another to form an essentially solid 
mass. Between these two configurations lie the majority 
of the microelectronic packaging configurations. 

The preceding discussion of the thermal characteristics 
of various circuit elements provides the basis for analysis 
of the anticipated heat transfer in the substrate assem- 
blies. Ideally, the analyses would be based on exact solu- 
tions for the temperature distribution in any assumed 
configuration. These exact analysis techniques depend 
on a specific definition of the heat distribution and 
boundary conditions, and even then require computer 
implementation. Because of this almost infinite variety 
of combinations, the following simplifying assumptions 
will be used to reduce the problem to a point where 
certain basic relationships can be developed: 


1. Uniform Volumetric Heat Dissipation. The actual con- 
figuration of numerous small sources distributed on the 
surface of the substrates is treated as uniformly distributed 
heat dissipation within the substrate. This is a reasonable 
first approximation, since the sources are randomly dis- 
tributed and the substrates are thin with respect to their 
other dimensions, 

2. Uniform Material Thermal Properties. The films and 
transistors are so thin in relation to the substrates that their 
thermal conductance properties can be neglected. The bond- 
ing materials which might be used in any assembly of 
substrates have thermal properties very close to those of 
the substrate materials. All initial calculations will then be 
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based on the properties of the substrate materials alone. 


With these assumptions, we can investigate possible 
arrangements from a thermal standpoint. The solid-mass 
packaging concept provides the maximum component 
packaging density and will be considered first. It is the 
usual configuration for most digital and certain analog 
circuits. 

A solid mass of two or more substrates bonded in- 
timately with an adhesive gives the same physical and 
thermal analysis appearance as any solid heat-dissipating 
component, such as a resistor. The analysis approach is 
to look first at the internal temperature distribution in 
relation to the assembly’s surface temperature and then 
to study the surface temperature in relation to the external 
environment. 

Assuming a cube of substrates with uniform heat dis- 
sipation from all surfaces as shown in Fig. 1, the maxi- 
mum internal temperature is approximated by: 


1 .2y 
a 
Kb 
where 


K = thermal conductivity in Btu/hr-ft-deg F 
dt total heat dissipation in watts 
t temperature of the surface 


Equation (1) is plotted in Fig. 2 with convenient units 
for the three proposed substrate materials. As a specific 
example of the use of Fig. 2, a l-in. cube of 0.020-in. 
thick, l-in. square quartz substrates each dissipating 100 
milliwatts would dissipate 5.0 watts and would experience 
a maximum internal temperature rise over the surface of 
only 5 deg C. On the basis of alumina substrates, this 
eradient would be reduced to 0.5 C. 

The external heat transfer from the surface of the 
assembly can be by radiation, convection, conduction, 
or a combination thereof. The severest condition will 
usually be the free-convection and radiation situation, 
which occurs when a device is mounted by its leads alone 
or on a printed-circuit board. A typical temperature rise 
of the external surface over the local ambient of 100 
C/watt/ sq in. can be expected for these conditions. For 
the assumed geometry of a cube, the temperature rise 
of the surface over the ambient at sea-level conditions 
is approximated by the following equation: 


(t, — ta) = 27.0 (4) 
b? 


Figure 3 provides a convenient plot of the temperature 
rise over the ambient of an opaque surface. Free con- 
vection and radiation only are assumed, with the actual 


| 


Fig. 1— Assembly of thin-film substrates to form cube. 



































> 
Fig. 3 


surface for free convection and radiation. 


temperatures not exceeding 300 C. Using the previous 
example of a l-in. cube with a total dissipation of 5.0 
watts. we would have a surface temperature rise of 90 C 
over ambient. The overall cube maximum internal tem- 
perature rise over ambient is 90 C + 5 C, or 95 C. 

t can be seen that, in most cases, the major tempera- 
ture gradient will exist between the substrate assembly 
surface and the ultimate sink, rather than as an internal 
rise within the assembly. As a result, it would be desir- 
able to mount the substrate assembly on some type of 
heat dissipator or extended surface to provide better 
heat transfer to the ultimate sink. The reduction in 
external temperature rise can be on the order of 90 per 
cent for refined techniques of cold-plate cooling, etc. 


It should be pointed out that the internal temperature 


rise calculated on the basis of Eq (1) assumes that all 
the cube surfaces are at the same temperature. Where the 
cube is mounted on only one or two sides, the internal 
temperature distribution will differ and the maximum 
internal rise would have to be calculated for the specific 
case. However. should the packaging approach conside1 
a metal cover for the substrate assembly, the 
surface temperature would tend to equalize even if only 


using 


one mounting surface were used. 

The lower volume limit in the solid-mass packaging 
concept is the single isolated substrate. The same basic 
heat-transfer considerations still hold. If the substrate 
lead-mounted, there will be no internal 
temperature gradient. The temperature rise of interest 
rise of approximately 
With significant lead conduction 


is essentially 


will be the surface-to-ambient 
110 ¢ 


and/or a dissipator mounting scheme. the temperature 


watt/sq in. 


sradients could be significantly decreased. 
The discussion thus far has been confined to small 


Estimated temperature rise over ambient of an opaque 


Fig. 2—- Maximum internal temperature rise for a solid cube 


with uniform internal heat generation. (Values for Fotoceram 
same as for quartz.) 

















substrate assemblies not exceeding a l-in. cube in size. 
There has been a good deal of conjecture over the 
possible thermal problems associated with large “blocks” 
of substrate assemblies. As an example, consider a solid 
l-in. cube made up of the previously-considered 1-in. 
cubes. The configuration would have an 83 C maximum 
internal rise over the surface temperature and 306 C 
surface-temperature rise over the ambient for external 
free convection and radiation alone. Certainly these 
numbers are formidable; however, the use of high- 
thermal-conductivity substrates, internal-conduction cool- 
ing plates, etc.. can significantly reduce the internal rise. 
The previous discussion of external dissipation is equally 
applicable, and the same techniques of forced circulation 
and cold-plate cooling could be used for cooling the 
external surfaces. 

Conclusions. The present state of the art makes it 
appear that, for some reasonable length of time, the 
basic microelectronic building block will be the indi- 
vidual assembly of one or more substrates. These as- 
semblies may be thought of and treated. for thermal 
design purposes, as any electronic component with known 
internal-temperature-rise characteristics and definite al- 
lowable surface temperatures. All conventional cooling 
techniques will apply. 

The foregoing discussion has indicated the large num- 
ber of variables involved in the thermal aspects of micro- 
electronic packaging. Some very general relationships 
were developed to provide thermal design information 
of the proper order of magnitude. Further effort. utiliz- 
ing computer techniques, must now be devoted to de- 
tailed studies of specific configurations. Until the re- 
sults of such detailed studies are available, the general 
concepts will suffice. OOO 
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Editor’s Note: The prescribed functions of most de- 
vices, mechanisms and machines are performed largely 
by means of dynamic elements. These functions may 
be simple or complex, conventional or sophisticated, 
but in each case they are effected by the actions of 
gears, bearings, shafts, commutators, levers, switches, 
and similar component parts that are in constant or 
periodic motion and contact. Under such conditions, 
the phenomenon known as wear usually occurs. As a 
result, physical deterioration is imposed on either or 
both of the engaged or mated surfaces or configura- 
tions. 

It should be obvious that the deteriorating effect 
of wear on dynamic elements is comparable, in its 
critical significance in equipment and systems design, 
to such other phenomena as corrosion, electrical break- 
down, thermal degradation, and nuclear radiation. 
At the heart of the problem of wear is the selection 
of wear-resistant materials for the required dynamic 
elements, as well as the selection of effective methods 
for the inhibition of wear. Although wear is a com- 
monplace phenomenon, it is by no means an uncom- 
plicated one: on the contrary, the mechanisms and 
theory of wear are very complex. To design effectively 
for minimum deterioration by wear, the design en- 
gineer needs to understand and apply some of the 
fundamental concepts. 
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Essentially, wear is induced by conditions of service 
or operation; beyond this, its effects may be intensified 
or moderated by external environments, such as ex- 
treme temperatures, presence of chemicals, and at- 
mospheric corrosion. Several types of wear are domin- 
ant: abrasive wear, adhesive wear, materials fatigue, 
and corrosive effects. The degree of destructive power 
attributed to each type varies and can be related to 
one or more hypotheses. The latter are derived from 
the microscopic structure of materials, studies of plas- 
tic deformation, molecular behavior, and other funda- 
mental considerations. 

It is the purpose of this article to present, among 
other phases of the subject, an exposition of all the 
types and mechanisms of wear, the relevant hy- 
potheses, the service factors that affect the nature and 
extent of wear, the various techniques and materials 
used to inhibit or minimize wear, and finally, methods 
for calculating predictability of wear. A bibliography 
is provided for further study of the subject. The 
author’s approach throughout is to present the theo- 
retical core of the subject of wear in practical terms 
applicable to the needs and problems of the design 
engineer. The title of the article—“Wear of Materials 
—Impact on Design Failure”—is in fact a terse sum- 
mary of its purpose. —A.E.J. 
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WEAR IS A FACTOR of extreme importance in considering 
a choice of materials in the development of any particular 
design. The effects of wear represent some of the most 
destructive influences to which materials are subjected. 
Almost everything that is in motion—fast or slow—either 
causes or is exposed to wear, and brings about or experi- 
ences a progressive degradation. Proper selection of ma- 
terials is essential to good design. Wear is a prime an- 
tagonist to the proper performance of materials. This 
article, therefore, will investigate the causes, the mechan- 


Mechanism 


Wear resistance is not an inherent property of a metal. 
It is a complex of many factors that are a part of the 
specific conditions of service. The properties of the 
material itelf, the mating material, and operational con- 
ditions of the design combine to cause different types of 
wear. There is no universal type of wear, since each con- 
dition imparts new parameters for observation of the 
phenomenon and methods for its inhibition. 

Wear may be considered as essentially a surface phe- 
nomenon, consisting of the gradual mechanical deteriora- 
tion of contacting surfaces, as in the tearing off of particles 
through friction. Furthermore, wear may be modified by 
the effects of corrosion or other chemical attack, extreme 
environments, or through other unusual conditions of 
service. 

Basically, wear of metals comes about through the 
displacement and detachment of metallic particles from 
an integrated metallic surface. This process can be caused 
by contact with another metal (metallic wear), by contact 
with either a metallic or a nonmetallic abrasive (abrasion), 
or by contact with flowing liquids or gases (erosion). The 
last type is frequently combined with some form of 
corrosion, but the other types may not be so predisposed. 


° — eaqnent article will treat the specific problems of wear in nonmetallic 
materiais. 


The author of this article, Associate Editor 
Harold E. Barkan, is well known to readers 
of this magazine for his articles on materials 
and related subjects. He is the author of “The 
Nature and Control of Corrosion,” and co- 
author of “Key to Metals in Design Engineer- 
ing,” both of which also appeared in the 
Science & Engineering series. He holds a 
Bachelor’s degree in Chemical Engineering and 
Metallurgy and is a senior member of the 
American Chemical Society and the American 
Society for Metals. He is active on several 
technical committees of the ASM. 


isms and the means for minimizing the undesirable effects 
of wear. 

For the purposes of studying the basic mechanisms of 
wear, the bulk of this article will be concerned with the 
case of metals. Here the underlying principles have 
received the most intense treatment for the purpose of 
understanding causes and effects.* Although nonmetals 
have inherently different lattice structures and physical 
properties, they react in much the same way to the 
phenomenon of wear as do metals. 


of Wear 


Types of Wear 


Whenever two materials are in sliding contact, wear 
will result. There are several types of wear and each 
can be described by its own characteristics: 

e Adhesive Wear. This is referred to as an attraction 
between surface atoms of two contacting materials, leading 
to transfer of material from one surface to the other and 
eventually to the formation of loose fragments. 

e Abrasive Wear. Here there is a removal of material 
by the filing action of a hard, rough surface against a 
softer one, or by abrasive grains trapped between smooth 
surfaces. 

© Corrosive Wear. This is similar to the effects caused 
by ordinary corrosion, except that sliding further aggra- 
vates the situation by dislodging the products of corrosion. 

e Surface-Fatigue Wear. In this type of wear, fatigue 
cracks—in or near the sliding surface—tlead to the forma- 
tion of large wear fragments. 

Sliding may give rise to any one or any combination 
of the several forms of wear. At any rate, these quantities 
are additive. Sometimes different types of wear influence 
each other. The well-known phenomenon of “fretting 
corrosion” can be explained this way: the first effects are 
from adhesion and abrasion, then oxidation or corrosion 
hardens the fragments, especially if the contacting surfaces 
are steel. These hard fragments finally act as abrasive 
particles and the repeated stressing of points on the 
surface may lead to fatigue wear. 


Theory 


The most important of all four types of wear is adhesive 
wear, and it is present in all cases of surface contact, often 
being the principal destructive factor. There are currently 
two major theories of resistance of metal sliding which 
are widely accepted: one deals with the “welding hypo- 
thesis,” and the other with the newer theory of metal 
transfer. 

Welding Hypothesis. It is well known that microscopic 
examination of metal surfaces reveals small peaks (asperi- 
ties) and valleys. Depending upon the surface finish and 
the material, they can be large or small in size and num- 
ber. As two surfaces are placed one upon another, only 
the asperities will touch and, as a result, surface contact 
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is established in extremely small areas. The accompanying 
figure illustrates these formations through a schematic 
comparison of a coarse and a fine finish. 

As an increasing load is put on the bearing surfaces, 
the asperities are crushed down plastically until the area 
of the contact is sufficient to support the load. Plastic 
deformation then occurs and causes edch grain of metal, 
made up of a number of atoms (which may also slip on 
each other at their boundaries), to slip in their slip planes 
over each other. It is possible by physical force to cause 
these grains to distort and to slip over one another to 
new permanent positions without incurring a rupture in 
the metal. It is assumed that strong welds are created at 
these points and, if the metals are alike, the strength of 
the weld can be assumed to be equal to that of the metal 
in bulk. If the metals are different, the welds will be 
weaker, but at least as strong as the weaker of the two 
metals. In order to start sliding, these welds must be 
broken. 

Metal Transfer and Wear. This theory answers one 
question that the welding hypothesis does not, and which 
can be stated as follows: What causes the small unwelded 
particles that are sometimes found when two metals are 
slid one upon the other? 

When two contacting metallic high spots deform to- 
gether plastically, the abrupt movement along crystallo- 
graphic planes causes roughening of the interface of con- 
tact. A slip plane with a slip direction lying in that plane 
forms a slip system. It is generally the case that several 
systems are operating during plastic deformation and, as 
a result, the roughening will take place in several different 
directions. When a pair of firmly interlocked high spots 
is forced apart, breakage will occur at some distance away 
from the original interface, where the section is weakest. 

Most of the energy released during the process of 
breaking the high spots is finally transformed into heat, 
which causes a sudden temperature flash. When the heat 
of the temperature flash is conducted through the inter- 
face, momentary diffusion occurs rapidly. If the diffusion 
process is rapid enough to cause welding of the sheared-off 
peak to the opposite high spot, a piece of transferred 
metal is formed. If the conditions are such that no appre- 
ciable diffusion can occur, the adhesive force (if strong 
enough) can still keep the metal particles on the opposite 
high spot. The small piece of metal sheared from the high 
spot will leave as a “loose particle’ when both diffusion 
and adhesion are weak. 


Interaction between Metal Surfaces 


The basic elements of the interaction between metal 
surfaces (the Bowden concept) consist of three separate 
arguments: 


e First, the real area of contact between solids has 
been demonstrated to be very small and to consist of 
points of surface irregularities or asperities. The real area 
of contact is essentially independent of the size of the 
surface and is determined only by the load. Since plastic 
deformation and flow occur under the intense pressure 
exhibited by the localized points of contact, flow occurs 
until the area of contact is sufficiently large to support 
the load. 


e The second argument is that when sliding takes place, 
the surface temperature at the various points of rubbing 
contact becomes so high that thermal softening or local 
melting can occur at the points of contact. These high 
temperatures are known to be quite important in the 
processes which can occur at the surface. 

e The third point is that, together with the localized 
area of contact and the high temperature, the real nature 
of surface damage is the welding that takes place at the 
various points of contact. Hence, the frictional force is 
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Cross-sectional view of mating sliding surfaces showing peaks 
(asperities) and valleys of typical metal surfaces. 


largely a measure of the force required to shear these 
junctions and to produce the surface damage which is 
observed as a result of sliding contact. When the speed 
of sliding is very slow, cold welding is assumed to occur 
as a result of the intense pressure developed in the regions 
of contact. The whole concept, then, is that surface 
damage is a result of welding, whether it be cold or hot. 

The sliding process can be characterized as a series of 
contacts of interfering asperities and the subsequent sepa- 
ration of these asperities. During the time of contact, 
an attractive force or adhesion exists between the two 
surfaces. From the process of adhesion and separation we 
arrive at two properties—namely, the coefficient of friction 
and the surface damage. The coefficient of friction is a 
measure of the shearing force required to separate the 
contact, once it has been formed, for a given applied 
normal force. The surface damage, on the other hand, 
is an indication of where the separation has occurred; 
since it may or may not occur at the interface between 
the two materials, this will determine the degree of damage. 
Friction and surface damage generally are not too closely 
related; however, both quantities involve strength. In the 
case of the coefficient of friction, the minimum shear 
strength which exists between the system (consisting of 
the two mating asperities and their interface), when 
divided by the yield strength, is important. In the case of 
surface damage, plane of minimum strength is significant. 

The shear strengths of the asperities are quite well 
defined, and there is a number of ways in which these 
quantities can be measured. On the other hand, the shear 
strength of the interface is a very uncertain quantity and 
subject to a number of variables, including the effect of 
a liquid or gaseous environment, ambient temperature, and 
sliding velocity. A study of these variables has led to the 
observation that two distinct modes or types of surface 
damage occur for repetitive sliding. These can be described 
as sliding by shear and sliding by welding. 

In the case of sliding by shear, fracture occurs at the 
interface because the interfacial shear strength is less than 
the base shear strength of either metal. Sliding by shear 
is characterized by plastically deformed surfaces which 
are striated and which mesh together very closely. The 
coefficient of friction is generally found to be fairly low, 
the recorded frictional force is quite smooth and regular, 
there is no observable metal transfer, and the contact area 
is relatively narrow. On the other hand, sliding by welding 
is a result of contact separation occurring in the base 
metal rather than at the interface. Under these conditions 
it is observed that: 


e@ the surfaces of contact are rough and heavily abraded 

@ the coefficient of friction is usually quite high 

e the continuously measured frictional force is very rough 
and irregular 

e there is considerable evidence of metal transfer 

e@ the contact area between the two surfaces is generally 
quite wide. 


The shear type of sliding process is particularly im- 
portant to the engineer. This type of sliding results in 
greatly reduced wear rates, minimal surface damage, and 
a relatively stable friction throughout the sliding process. 
It is felt that this type of sliding serves as the basis for 
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the “wearing-in” process, which is quite common in 
bearings and rubbing surfaces. Here, when two virgin 
surfaces are slid together in the presence of some lubricant, 
the frictional effects are gradually reduced and the two 
surfaces are made to conform to one another. It is diffi- 
cult to see how this process can occur if welding can 
take place at the interface, since this would lead to damage 
and progressive deterioration of the surfaces. On the 


other hand, if the two surfaces can be made to slide 
together, so that the interface is always the point of 
separation, then progressive plastic deformation will per- 
mit a gradual meshing or fitting of the surfaces so as to 
permit more effective action by any lubricant which may 
be present. It is this process which is visualized as oc- 
curring in the meshing of gear teeth, the breaking-in of 
bearings, and in the successful application of face seals. 


Factors Affecting Wear 


Friction 


There are many factors affecting friction. Some of 
these (not necessarily in order of their importance) are: 


material combinations 
surface finish 

surface contamination 
lubrication 

hardness of mating materials. 


Material Combinations. Any two materials in dynamic 
contact with each other are affected by sliding friction. 
As an immediate solution, it may appear that only ma- 
terials with low coefficients of friction should be used. 
However, since strength, rigidity and dimensional stability 
are also essential factors, certain materials must be ruled 
out in favor of others which may be stronger but have 
a higher coefficient of friction. To these general problems 
are added further problems such as electrical conductivity, 
low electrical-contact resistance and ability to absorb 
vibrations. Protection against corrosion is another factor 
that must often be considered, especially if one of these 
surfaces is steel. 

Surface Finish. The effect of surface finish on friction, 
metal transfer and wear has been a controversial subject. 
It is not a simple factor to discuss because it influences 
not only the size and distribution of the areas of actual 
contact, but the surface roughness of the high spots as 
well. It has been further determined that wear is greater 
when relative motion between mating surfaces is parallel 
to the lay of the surface finish. 

Many processes are used to obtain finishes: grinding, 
lapping, superfinishing and honing. However, all of these 
processes change the surface condition by work hard- 
ening. (Hardness is discussed below under “Hardness of 
Mating Materials.”’) 

Surface Contamination. An interesting sidelight is the 
subject of surface contamination. Only in rare instances 
has research found that metallic bearing surfaces were 
uncontaminated. It has been demonstrated that sliding 
surfaces become coated with an amorphous substance, 
the so-called Beilby layer. Without this layer, metallic 
surfaces cannot slide, but weld solidly together when 
brought into contact. In the absence of plastic flow, the 
oxide layers remain intact and prevent cohesion of the 
metals. 

Lubrication. Basically, the following conditions occur in 
lubrication of sliding motion: thick-film lubrication, bound- 
ary lubrication, and dry surface. In most cases of sliding 
motion, thick-film lubrication is impractical, so that bound- 
ary lubrication should be used. In boundary lubrication, 
the resistance to motion arises solely from the viscosity 
of the lubricant. Obviously, the lower the viscosity, the 
lower the viscous resistance. However, there is a limit 
to this, for as the viscosity is decreased, the distance of 
nearest approach is diminished. If this distance becomes 
less than the height of the asperities, then penetration of 
the hydrodynamic film occurs. 

Since the oil film deposited on a sliding surface is much 
thinner than the asperities of most commercially prepared 


surfaces, welding cannot be prevented, but it can be 
reduced considerably. Sliding surfaces are the most diffi- 
cult to lubricate efficiently, since there is little of the 
clearance wedge action necessary to their operation. It 
is mostly the static or inherent viscosity of the lubricant 
that can keep the metals apart. In rotating surfaces, for 
example, centrifugal forces throw the lubricant away 
from the surface in a manner similar to that by which 
gravitational forces help remove the lubricant in ver- 
tically sliding surfaces. 

Hardness of Mating Materials. This subject comes up 
frequently in any discussion regarding wear and friction 
as related to sliding surfaces. While there are many con- 
flicting opinions as to the effects of hardness on the end 
result, certain facts seem to point out its importance. 

Although hardness has little effect on friction, there 
is evidence that, generally, friction is less with harder 
metals. The coefficient of friction has been shown to be 
equal to the ratio of the shear strength and hardness 
of the sliding metals. If two surfaces of two different 
hardnesses are in contact, the high spots of the harder 
surface will plastically deform the high spots of the 
softer surface, so that the two surfaces more or less fit. 
Eventually, the original surface roughness of the soft high 
spots will be obliterated as a result of an interlocking 
effect; this effect will depend largely on the original rough- 
ness of the hard high spots. 


Caleulations* 


Since adhesive wear has been shown to be the most 
prevalent, some formulae have been developed that may 
give some information as to the prediction of wear on 
metal-to-metal sliding surfaces. 

This concept has led to the following expressions: 


_ WL 


v 3p 


volume of wear, mm® 

load applied, kg 

sliding distance, mm 

penetration hardness of the softer of the two con- 
tacting surfaces, kg/mm? 

coefficient of wear 


By changing over to English units and giving hardness 
in Vickers, Brinell or Knoop values, we obtain: 


kWL 


oe 4260p 


(2) 


where 
V in.* 
W Ib 
i in. 


* Data supplied by George Merker, from paper by E. Rabinowicz, M.I.T. 
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Constant k is non-dimensional and is analogous to the 
coefficient of friction. It should never exceed 1, because 
it was originally defined as a probability. Note, however, 
that two important functions of the sliding system do not 
appear—namely, surface finish and sliding velocity. Since 
depth of wear rather than volume is of primary importance, 
Eq (1) can be rewritten to give the wear rate of the softer 
contacting surfaces: 


(3) 


= depth of wear, in. 
= surface area, in.? 
= load, Ib 


cL sliding surface distance, in. 


S = yield strength of softer contacting material 


Wear rate of the harder material is less than the softer 


by the ratio: 
hy = (=) h (4) 


where subscript 2 denotes values for the harder material. 

These results, while being somewhat theoretical, may 
still give an idea of what can be expected. It is also 
obvious that many other factors have been left out— 
factors that may have a marked effect on the outcome. 
This is, however, the first known approach that actually 
attempts a numerical solution. 


Surface Irregularities 


An ability to concentrate on and think in small dimen- 
sions is the most essential requirement in evaluating the 
effect of surface finish in friction, wear and lubrication. 
Dimensional values in research are expressed in Angstrom 
units, micro-inches and microns. 

It is practical and useful to consider two mating sur- 
faces, the accuracy and smoothness of which are in a 
range where certain characteristics of importance to 
friction, wear and lubrication are convincingly apparent. 
These may be called optimum surfaces, where waviness 
and roughness are so small that all parts of the total 
mating areas are subject to molecular attraction. Surface 
irregularities would have to be reduced to the lattice 
spacing of the surface atoms, or about 2-4 A (approxi- 
mately 1/100 of a micro-inch). Assume that two such 
surfaces, made of the same metal, were produced and 
were kept free of all contaminations such as oxides, 
gases or liquids. Upon mating, they would become one. 
It may be said that the entire bearing area in contact 
has cold welded together without the application of any 
pressure. 

Although it has never been possible to verify this 
experimentally on a full-size bearing area, because such 
optimum bearing surfaces cannot be produced, atomic 
theory permits no other conclusion. Cold welding of 
perfectly clean surfaces in extremely small areas of 
contact has been demonstrated experimentally. The 
smoothest and cleanest surfaces are, therefore, the worst 
possible ones in boundary friction. 

Molecular attraction forces diminish with the sixth 
power of distance, and separation of the surfaces by about 
1 A reduces molecular forces to a negligible amount. 
From this optimum base line of 1 A, lubricating con- 
taminants could keep the bearing surfaces separated. The 
thinnest film of liquid separation measured in full hydro- 
dynamic lubrication is about 4000 A (10 micro-inches). 
Thinner films carry higher pressures and extend the range 
of hydrodynamic lubrication toward lower sliding veloci- 
ties. 

Cold welding by molecular adhesion, using high pres- 


sures, is now commercial practice on such ductile metals 
as aluminum, copper and cadmium. Surfaces to be joined 
are cleaned but need not be exceptionally smooth. They 
are pressed together with a force large enough to pro- 
duce yielding of the contacting surfaces to push the atom 
structure of one into intimate contact with the other. 
Small traces of surface oxides are so thinly dispersed that 
molecular adhesion of the bulk of the metals is assured. 
Pressing surfaces together, with the load high enough to 
merge one into the other plastically, dispenses with the 
need for surface accuracy. A number of dissimilar metals 
have also been joined by this method of cold pressure 
welding. Similar conditions also exist on less-accurate 
bearing surfaces in local areas of contact, or when surface 
asperities collide and plow through the contaminate on 
the surface into the clean metal. 

Molecular adhesion has become one of the least dis- 
puted ingredients in the collective term “friction”; it is 
the most destructive. Friction and wear damages increase 
with the size of the welded junctions between mating 
surfaces. 

In the process of wearing down a small number of 
high points to an area large enough to carry the load, 
protecting surface oxides are quickly removed. The yield 
strength of the metals is invariably exceeded even at 
light loads; the number of welded junctions is small, but 
areas are large. The wear debris is correspondingly large 
or galling is severe. Care should be taken during machin- 
ing to minimize surface waviness. Less damage would be 
expected if the peaks of all surface waves were in the 
same plane, increasing thereby the number of possible 
initial contacts. 

Since waviness is the most undesirable and destructive 
type of surface irregularity, it is rather fortunate that most 
of the methods developed for reducing surface roughness 
have also brought about a reduction in surface waviness. 
There is reason to suspect that some of the improvements 
in friction, wear and lubrication now attributed to reduc- 
tion in surface roughness are in fact due to a reduction 
in surface waviness. 


Wear Resistance 


Wear is a surface deterioration of contacting surfaces 
that destroys their operating relationship or causes rupture 
if carried far enough. The amount of wear depends on 
the nature of the contacting materials, the sliding, rolling, 
or impact motion between them, the load imposed, their 
lubrication, if any, and the chemical action of their lubri- 
cation and environment. Because these conditions intro- 
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duce many types of wear, no standard wear-resistance tests 
have been recognized. The tests performed in practice 
are designed to duplicate particular service conditions as 
nearly as possible. 

In components which have metal-to-metal contact, wear 
may be the result of: 





e Tearing of particles from the surface through friction. 

e Production of cracks, pits, or fretting corrosion 
through fatigue, high subsurface stresses, rubbing motion 
and corrosion, respectively. 

e Local removal of surface material (termed galling) 
with potential actual seizure between the surfaces. 


Metals which contact nonmetals wear by abrasion and 
erosion. Abrasive wear is generally reduced by choosing 
metal surfaces harder than the material to be handled. 

Wear resistance of metals in contact is generally reduced 
by providing hard materials to reduce penetration of the 
surface, toughness to prevent breaking off of small par- 
ticles, and surface smoothness to eliminate projections. 
Similar materials may be used but, to reduce possibility 
of galling, dissimilar combinations or pieces of different 
indentation hardness are usually preferred. Choice of ma- 
terials of high stiffness and materials that will form a 
protective, tenacious corrosion product with the lubricant 
or the environment also aid galling resistance by prevent- 
ing close atomic contact. Lubrication can reduce general 
wear if a thick film can be maintained. Boundary lubri- 
cation is of lesser value. When loads are light and lubrica- 
tion is used, a shot-blasted or somewhat roughened sur- 
face shows less wear than a very smooth surface, because 
the roughened spots hold small reservoirs of lubricant, 
which maintain lubrication between the contacting sur- 
faces. Cracking, pitting, and spalling generally indicate 
need for hard surfacing of materials or designing for 
lighter loads. 

Among the old methods for designation of abrasion or 
scratch hardness is the Mohs scale, which is based upon 
the relative hardness of ten minerals (talc, gypsum, calcite, 
fluorite, apatite, orthoclase, quartz, topaz, corundum and 
diamond), from the softest to the hardest. The hardness 
of other materials can be located on this scale by a scratch 
test, the harder material being capable of scratching the 
softer. 


Abrasion 


There is probably no metal-to-metal wear problem not 
aggravated by nonmetallic abrasives, because abrasive grit 
is found everywhere in the form of ordinary dust. The 
great bulk of the wear upon lubricated mating surfaces 
is caused by entrapped grit being pressed against the 
metal. This grit plows a furrow in the surface, forces metal 
into the space between the surfaces, and thus decreases 
the clearance. Attack by loose grit upon a metal surface 
is not seriously increased by roughness of that surface, 
but surface roughness does have a considerable influence 
upon the wear of mating parts. 

Rough surfaces, grinding cracks, or scratches from grit 
are “stress raisers” that lead to deterioration by fatigue. 
Failure may occur from tiny cracks on the surface caused 
by fatigue or may occur from cracks just below the sur- 
face, as in a carburized gear with too thin a case and 
inadequate support below the case. Failure occurs more 


Table |— Wear Coefficients for Sliding under 
Adhesive Wear Conditions 


Metal on metal* | Non-metal on 
|] | metal or 


Condition Like Unlike non-metal 


Clean 5 X 107? | 2 x 10-4 
Poorly lubricated 2 X 10-* 10-4 5 X 10-* 
Average lubrication 10-% 10-* 5 X 10-* 
Excellent lubrication 10-* 10-* 10-* 

} 





5 xX te"* 


* At high temperature, only the first row is applicable, 
Source: Ernest Rabinowicz, Massachusetts Institute of Technology. 
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often from these causes than from removal of metal by 
true wear. However, grit exerts its effect. 

The more prevalent types of abrasion are those in which 
tiny chips are removed by the sliding pressure of hard 
nonmetallic particles, the sharp edges of which penetrate 
the surface and pry off particles of the material. Sand- 
blasting, sandpapering, and grinding with an abrasive 
wheel are examples of this type of wear. Nonmetallics are 
usually brittle, and if they can be broken up before they 
penetrate the surface, the wear is reduced. Unsupported 
particles that cannot exert much leverage, as in sand- 
blasting, have less effect than those which are supported, 
as in a grinding wheel or lap. 


Resistance to Abrasion 


Hardness is always a major factor in combatting attack 
by nonmetallic abrasives, but other factors are involved 
when the problem is one of mating metal surfaces. 

A surface resists abrasion either by permitting pene- 
tration without cutting or by shear hardness. Rubber per- 
mits penetration under pressure, but throws out the par- 
ticle when the pressure is removed. Metals resist abrasive 
attack by sheer hardness, crushing the particle instead 
of allowing it to penetrate. 

Abrasion by particles which are so hard and sharp, or 
which impinge with such force that penetration cannot 
be prevented, can be defeated or slowed down by the use 
of a metal tough enough to prevent large chips from being 
torn out. The harder the metal, the less tough and more 
brittle it may become. Superhardness may give satisfactory 
results in spite of brittleness. 


Wear Behavior of Materials at High 
Temperatures 


Theory of the wear process has progressed to the point 
where it is possible to define a coefficient of wear for 
surfaces in sliding contact. This coefficient has meaning 
only if the wear is by an adhesion, or possibly by an 
abrasion mechanism, not by a corrosion or fatigue mech- 
anism. The coefficient of wear, a nondimensional quantity, 
is defined by:* 


h= 5er (5) 


flow pressure of the weaker contacting member 
volume of wear 

load 

total length of sliding 


reasonable set of values for wear coefficients to be 
expected in various circumstances is tabulated in Table I. 
Following these results (see table), data were gathered 
on the problem of whether the same wear coefficients as 
those tabulated in Table I (which were carried out at 
room temperature) would be found on testing at high 
temperatures. A large amount of wear data on various 
metal and nonmetal sliding systems were collected. Un- 
fortunately, the work was done under conditions of in- 
creasing load and temperature, making it difficult to 
calculate a wear coefficient with any high degree of 
accuracy. [The temperature is important because it de- 
termines the strength of the materials and thus p in 
Eq (5).] Values of p were estimated using mechanical- 
strength parameters. The calculated results for k, all 
obtained from tests in the temperature range 920 to 1630 
F, are given in Table II. 
It may be noted that the wear of metal is highest against 
metal, intermediate against cermet, and lowest against 
non-metal, while the wear ratio of cermet on cermet and 


* Source: Ernest Rabinowicz, Massachusetts Institute of Technology (see 
Bibliography). 
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cermet on non-metal are rather constant under all con- 
ditions. 


Lubrication 


Liquid Lubricants. A lubricant is a material that is 
purposely placed between two dynamic elements that 
move intermittently or continuously with respect to each 
other to reduce friction, temperature and wear. Liquid 
lubricants are usually preferred where they may be re- 
tained. Solid lubricants are used where liquid lubricants 
cannot survive or remain. 

Mineral oil is the most common lubricant of this type. 
It consists of a complex mixture of paraffin, naphthalene, 
and aromatic and unsaturated hydrocarbons which may 
be distinguished from crude oil by their lower viscosity. 
They may be compounded with animal and vegetable oils, 
or with fatty acids, to obtain properties for specific pur- 
poses. Small quantities of synthetic materials may be 
added to retard oxidation (antioxidant), to retard rusting, 
to provide wetting, to withstand localized high pressure 
(extra pressure additive), or to control foaming and 
emulsification. Silicone oils, of synthetic origin, are grow- 
ing in application. Their chief advantages lie in their 
high temperature resistance (370-375 F), a pour point of 
—100 F, and a very flat temperature-viscosity curve. 

The most important property of liquid lubricants in 
thick-film lubrication is their viscosity. This property is 
defined as the ratio of shearing stress to the rate of shear: 


a = f/(du/dh) (6) 


where 
f the friction drag through the oil film divided by 
the oil film area 

du = velocity gradient 

dh = oil-film thickness 
The unit of the viscosity coefficient, », is the poise. One 
poise equals one dyne-sec/cm? in cgs units. Since the values 
are usually low, the centipoise, which equals 0.01 poise, is 
more frequently used. The centipoise equals 1.45 x 10-7 
lb-sec/in.?, a unit called the Reyn. 

Viscosities are usually measured industrially by the 
Saybolt universal viscosimeter. This instrument measures 
the time for 60 cc of oil at specified temperature to flow 
through a given orifice under its own weight. The Saybolt 
time in seconds cannot be used in design calculations, 
but is converted into kinetic viscosity for this purpose 
by use of the equation 


KV (centistokes) =0.22t — (180/t) (7) 


where ¢ = Saybolt universal seconds. The units of kine- 
matic viscosity are the stoke. The centistoke equals 0.01 
stoke. The value of kinematic viscosity in stokes is multi- 
plied by the density in cgs units to equal absolute viscosity 
coefficient, », in poises. Similarly, multiplying centistokes 
by density equals centipoises. 

Solid Lubricants. If two sliding surfaces can be separated 
by a viscous fluid so that their boundaries (the asperities) 
cannot touch or collide, the lubrication is said to be 
hydrodynamic, and no wear occurs. However, a state of 
ideal hydrodynamic separation can rarely be maintained 
in practice. There are invariably service conditions (low 
sliding velocities, starting, stopping, high loads, misalign- 
ments, etc.) which cause the asperities to engage in 
boundary contact. When the liquid film is squeezed out 
or broken to the extent that the solid boundaries of the 
two mating surfaces come into contact at many points, 
the advantages of hydrodynamic lubrication are ended 
and lubrication by solids should be considered. 

Truly clean metal surfaces have no lubricity at all; in 
fact, they have a tendency to weld together upon contact. 
However, all metals have a natural solid lubricant on 
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Table ll — Calculations of k (Coefficient of Wear) 
for Various Systems 


A. Metal-on-metal 


Rotating 
specimen 


Alloy A* 
TiC-Ni-Mo 


Stationary 





specimen k-rotating | 


4 X 10 
TiC-Ni-Mo — 


B. Cermet-on-cermet 


CermetBt 
CermetB 


k-stationary 





Cermet B 
Cermet B 


C. Metal-on-nonmetal 


Alloy A 
Alloy A 
TiC-Ni-Mo 
440C S. S. 


Alumina coating | 
Alumina coating 
Alumina coating 


Alumina (porcelain) 
Mica 

Alumina (experimental ) 
Graphite 

CO-BN 

Ni-mica 

Alloy A 


D. Cermet-on-metal 


coofSoor 
AAnNSowenw 

ACOaPaS 
xxKKK&K& 
— ett 
coocoooce 
Ae hes 6. s-s 





Alloy A 
Cermet B 


Cermet B 
TiC-Ni-Mo 





E. Cermet-on-nonmetal 


Cermet B 
Cermet B 
Cermet B 
Cermet B 
Cermet B 
Cermet B 


Alumina (experimental) 
Alumina (porcelain) 
Magnesia (experimental) 
Beryllia (experimental ) 
Silicon carbide 

Boron carbide 


wo 
| 


Onn OW 
| 


Cermet B 
Cermet B 


Silicon carbide 
Alumina coating 


++ 
coococcoco 
oft Wee ee 
eo 
XXKXKKXKKX 
eee ett tt 
ss ek Ae 


* Ni-Cr-Mo. ¢ Al-Cr-Mo. ¢ Indicates k-rotating. . 
Source: Ernest Rabinowicz, Massachusetts Institute of Technology. 


their surfaces—the oxide layer. The coefficient of friction 
of steel-on-steel will rise steadily as the oxide is removed, 
until seizure occurs. 

The general task of boundary lubrication is to prevent 
contact between clean metals by means of interposed 
solids. There are five basic methods of depositing these 
solids: 

1. Deposition from a liquid phase by thermochemical re- 
action with the metal surface [EP (extreme pressure) and hypoid 
gear oils deposit compounds of chlorine, sulfur and phosphorus 
in this manner]. } 

2. Deposition of solids dispersed in liquids, and carried by 
them into the boundary areas [colloidal molybdenum disulfide 
(MoS2), graphite dispersions and zinc oxide greases]. : 

3. Chemical pretreatments to develop inorganic crystalline 
layers (oxides, sulfides, phosphates and chromates). 

4. Direct application of dry solid lubricants by rubbing, 
burnishing, tumbling, etc. 

5. Bonding lubricating solids to the wear surfaces by means 
of organic and inorganic coatings. 


However applied, the solid-lubricant particles coat the 
boundaries of actual contact to reduce friction. The lam- 
jnar materials (such as graphite and MoS,), with their 
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layer-lattice crystal structure, shear easily in the direction 
of the flatness of the flake, yet have great resistance to 
pressure and penetration in the other direction. 

In addition to the inorganic layer-lattice lubricants 
(MoS,, graphite and experimental materials such as silver 
iodide, tungsten disulfide, boron nitride, etc.) there are 
other inorganics (such as white lead), chemical conversion 
layers (phosphate coatings), and organics (waxes and 
stearates). Since the organics lose lubricity at their melting 
points (or at the melting points of the soaps they form 
with the metal—215 C is high) the inorganics are strongly 
preferred. 


Organometallic Lubricants 


Organometallics may be useful as fluid lubricants, as 
additives in various liquids, as dry solids or dispersed in 
other media, and in vapor-phase lubrica‘ion. 

In a recent investigation it was found that TEL (tetra- 
ethyl lead), AK-33X (methylcyclopentadienyl manganese 
tricarbonyl) and Bu.SnS (di-n-butyl-tin sulfide) inhibited 
wear, and their effectiveness increased with concentration 
and hardness of the rubbing surface. Both higher and 
lower friction than with base oil were observed, depending 
on conditions. Some lubricant types respond better than 
others, but all can be improved—at least under some 
conditions. 

Boundary lubrication of metals by the extreme-pressure 
(EP) mechanism involves thermal decomposition of the 
lubricant during rubbing to produce a compound with 
the metal surface. In another mechanism which involves 
some features of EP activity, inorganic solids are deposited, 
but without corroding the rubbing surfaces. All atoms in 
the film are from the lubricant, which is degraded by 
frictional heat. Through such degradation, many organo- 
metallics lubricate by depositing a film on the rubbing 
surfaces. Inorganic lubricating solids are produced with- 
out chemical attack of the surfaces; thus, “sacrificial” 
corrosion is avoided. Some organometallics can lubricate 
noble metals and other inert surfaces. The noncorrosive 
film-formation mechanism provides an effective means of 
controlling the composition of solids between rubbing 
surfaces. 
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Corrosion 


In a given medium, a given metal corrodes much more 
rapidly when subjected to repeated stress than when no 
stress is applied. It is generally believed that when the 
oxide film formed naturally on the surface is of relatively 
low strength and ductility (so that cyclic stressing causes 
rupture faster than repair can occur), corrosion proceeds 
rapidly at points where the normal protection of the film 
is lacking. 

Pits resulting from corrosion fatigue are unusually 
sharp, and these chemically formed notches act as stress 
raisers of very high intensity. The process of failure takes 
place in two phases. During the first, the combined action 
of corrosion and cyclic stresses so damages the metal by 
pitting and crack formation that failure by cyclic stressing 
would ultimately occur even if the corrosive medium 
were completely removed. The second is essentially a 
fatigue stage, in which failure proceeds by crack pro- 
pagation and is controlled primarily by stress-concentration 
effects and the physical properties of the metal. 

A combination of high unit loading and vibratory or 
low-frequency oscillatory motion may result in fretting 
corrosion. The effect of fretting corrosion is to increase 
the susceptibility to fatigue failure of dynamically loaded 
machine-elements, to destroy dimensional accuracy of 
closely fitted parts, and to ruin bearing surfaces. 

Methods for preventing fretting corrosion include pro- 
vision of an adequate lubricant or surface coating to 
reduce friction, provision of a plated or treated surface 
to increase friction and prevent slipping, and increasing 
the hardness of one or both mating surfaces. These meth- 
ods assume that the load cannot be relieved, and yet 
relief of the load is actually the most common—and 
frequently the most successful—method attempted. O O O 
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Saturable Reactor Control of 


D-C MOTORS 


The control of loads containing a back emf 
presents a special problem in the design of 
saturable reactor circuits. In addition to 
motors, such loads include batteries, elec- 
trolytic tanks and capacitors. The method 
of analysis used here derives equations 
which describe the operation of the circuit 
and permit the drawing of typical charac- 


teristic curves. 


H. R. WEED 


Professor of Electrical Engineering 
Onto State UNIVERSITY 
Columbus, Ohio 


S. P. JACKSON 
CONTINENTAL ELECTRONICS CORPORATION 
Columbus, Ohio 


SATURABLE REACTORS may be used to control many types 
of loads which require d-c power. When the Joad is 
resistive and the control-circuit impedance is low, the 
rectified output of a saturable reactor inherently contains 
a large ripple content. The objectionable ripple can of 
course be filtered out with inductance, capacitance, or 
both. However, loads which contain a back emf (such 
as motor armatures or batteries) must be given special 
consideration. The back emf in such cases is similar to 
a capacitive load. A series-connected saturable reactor 
with a motor armature load with inductive filtering is 
shown schematically in Fig. 1. 

In analyzing a motor-control circuit, two characteristic 
curves are generally required: torque vs control-current 
input with speed as a parameter, and torque vs speed 
with control-current as a parameter. It will be assumed 
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that control current is a convenient quantity to measure 
and that output current may be related to it. Thus we 
wish to obtain relationships between torque, speed and 
control current. To make the results applicable to any 
size of motor, we shall normalize the relationships when 
they are derived. 

We will also make the following assumptions: 


1. Operation is over a range such that the armature cur- 
rent never goes to zero. 

2. Perfect rectifiers are used (zero forward resistance 
and infinite reverse resistance). 

3. Steady-state operation exists. 

4. The back emf of the motor armature is constant. 

5. Constant field excitation is supplied externally. 

6. There is negligible control-circuit resistance. 

7. The cores are perfect (that is, after saturation, the 
coil inductance is zero) - 


The importance of these assumptions and the effects 
of deviating from them will be discussed later. 

Excitation Interval. The excitation interval is that 
portion of each half cycle of the supply during which 
neither core of the saturable reactor is saturated. During 
this time the entire supply voltage appears across the 
gate windings. If there is continuous load current flowing 
(the origin of this current will be discussed later) and 
the rectifiers are considered to be perfect, the resistance 
between points a and b in Fig. 1 is zero. This is because 


Fig. 1 — Series saturable-reactor circuit with a bridge-connected 
d-c motor load. 





Equivalent saturable-reactor circuit with load short- 


Fig. 2 


circuited. 


Fig. 3 — Load circuit showing circulating currents. 


all of the rectifiers are biased “on” as a result of the 
circulating load current. The saturable reactor may thus 
be drawn as shown in Fig. 2 with points a and b shorted. 
This is the same situation which exists for a resistive 
load. Since the supply voltage appears only across the 
gate windings of the saturable reactor, we are justified 
in considering that the effect of the supply voltage on 
the load circuit is zero during this period. 

During’ the excitation interval, the load energy is 
supplied by the load (filter) inductance. Each rectifier 
conducts one half of the load (armature) current since 
there are two parallel paths between points c and d, as 
shown in Fig. 3. 

Saturation Interval. The saturation interval begins 
when one core saturates. This is at the point where the 
firing angle, a, is reached. Since the firing angle may 
occur anywhere between a = 0 and a = z, we must 
determine the effect, if any, of this variation on the 
operation of the circuit. 


Fig. 4 
saturated. 


Equivalent saturable-reactor circuit with ene core 
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After one core saturates, its gate and control winding 
voltage drop to zero. The unsaturated core acts as a 
current transformer and gate current is restricted by the 
reflected control resistance. We have assumed that this 
control resistance is negligible, so the full supply voltage 
appears across the load. An equivalent circuit is shown 
in Fig. 4. 

The relationship between the rectified average output 
voltage and the supply voltage, in terms of a, can be 
shown to be 


E/E a T cos a)/2 (1) 


j 


where E = 2E,,/z. 

During the excitation interval, the resistance from 
a to b was zero since the perfect rectifiers were biased 
on (in the conducting direction) by one half of the 
armature current. If a occurs at any value less than 7z, 
the saturation interval is finite, e, is finite, and current 
flows from a to b (with the polarity of the supply as 
shown in Fig. 4) through the two parallel paths com- 
posed of the branches of the rectifier full-wave bridge. 
There is no resistance to the flow of this current until the 
reverse current through R7', and RT, caused by the 
supply voltage exceeds i,/2. This, of course, occurs 
instantaneously due to the zero forward resistance of 
the rectifiers. Note that the current supplied by the supply 
voltage tends to bias RT, and RT, on. Thus load switch- 
ing is accomplished at any firing angle in excess of a = 0. 

This fact poses an odd situation which must be dealt 
with. During the excitation interval, energy was supplied 
by the inductance. At the time of saturation of one of 
the cores, it is possible that the armature voltage, EF,. 
plus the i,R, drop may be greater than, equal to, or less 
than the supply voltage, which we will indicate by eo. 
We will consider the three cases individually. 


Fig. 5 — Waveshapes of current and voltage during steady-state 
operation. 
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If ea < E, + i,R,, three conditions exist: (1) RT, 
and RT, are blocking; (2) both L and e are sources 
supplying E, and i,R,; and (3) i, is the same as i,. The 
current, in this case, flows from the supply through the 
reactor and through the load from a to d to c to b. As 
the supply voltage increases, the voltage across L de- 
creases. If eg = E, + i,R,, the voltage across L is zero 
and, for the first time, the supply provides all the power 
consumed, 

If eg > E, + iR,, the difference appears across L 
in a direction to increase its flux level so that it stores 
energy. As the conclusion of the half cycle of supply 
nears, the supply again equals FE, + i,R,. From that point 
to the end of the half cycle, the inductance contributes an 
increasing proportion of the voltage E, + i,R,. From the 
end of the half cycle to the next firing point, the in- 
ductance is the only supply in the circuit. (See Fig. 5 
for the waveforms involved in this last case.) 

Implications of Steady-State Operation. If the 
circuit is to operate in a steady-state condition, the reset 
flux level of both cores must be identical so that a occurs 
at the same point in each half cycle. Similarly, the load 
inductance must operate between the same two flux 
levels each half cycle, increasing to a peak at the time 
when the voltage across the inductance goes to zero 
near the end of the half cycle and decreasing to a mini- 
mum when the voltage across the inductance equals zero 
at or soon after the firing angle. Thus, the average volt- 
age across the inductance must be zero, or 


f exdot = 0 (2) 
0 


It will also be remembered that we assumed that the 
motor’s back-emf was constant, or 


f eadwt = Ear (3) 
0 


Now, since all energy is derived from the source (the 
inductance of the load serves to store energy during 
some portion of the saturation interval and deliver it 
back during the remainder of the time), we may write 
the following equation: 


f edwt -f (igRa + €a + er)dut 
a 0 


The average value of the output voltage is 


E, -if edut 
= a 


Substituting in Eqs (2) and (3), 
E, = 4 (z +f isRudet) 
= 0 


E,=E,+ 1.R. 
Combining Eqs (1) and (6), 


(+ 3") E=E,+ IR. 


Equation (7) may be solved for a: 


2E, 2 I ‘ts 
= + — 


E ee 
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2E. 27,.R 
or a = cos™ = et an 


It was noted that, during the excitation interval, i, = 0, 
while, during the saturation interval, i, = i,. It can be 


shown that the average values of i, and i, are related 
as follows: 


I, = I,x/(e — a) (10) 
or = J, (11) 


Substituting Eq (9) in Eq (11), 


; I,  _,| 2K. 2/,R. ’ 
Fs m= cos E +. — — 1 (12) 


We can now modify this basic relationship by defining 
normalized or “per unit” values as follows: 

E./E (13) 

= I4/Iam (14) 

where (15) 

= I,/lom (16) 


where = KE (17) 


cos (2E, + 27, — »| (18) 
T 


Since gate current and control current are related by the 
turns ratio, 


Pe = (4oNo\(_Ne_\ 7 
ts _— Eo/ len — ( N. rex.) I, (19) 


Resistive load 
control characteristic 


Measured values 
0-@=0 
A-@, = 0.545 
a-@, =0.705 
x-@, =0.991 


Fig. 6 — Normalized load current vs contro] current for various 
values of back emf. 
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Fig. 7—Normalized torque vs 
speed curves for various values 
of control current. 





Therefore, 
I, =T, 2 = * cos"! ek. 432i, — »| (20) 


Plots of armature current (indicating torque) vs control 
current for various values of back emf based on Eq (20) 
are shown in Fig. 6. In Fig. 7, the same values are 
translated to plots of torque vs speed with control current 
as a parameter. 

If the load is composed only of resistance and in- 
ductance, E, = 0 and Eq (20) becomes 


as & } —+ cos”  — » | (21) 


The top curve in Fig. 6 is the plot of this equation. 
Since the assumption was made that continuous load 
current existed, the purely resistive load can be examined 
only for the case where a = 0; in which case, 

I, =I, =f, 

Deviations From Assumptions. By examining in 
detail some of the assumptions that were made and the 
effects of deviations from them, we can learn more about 
the operation of the circuit. 

@ Continuous Conduction. As long as the voltage 
between points a and b in Fig. 1 is finite, conduction 
takes place. Thus, discontinuous conduction may occur 
only in the excitation interval. If the supply voltage is 
absorbed completely by the reactor windings and the 
load current goes to zero for some portion of the excita- 
tion interval, a voltage exists between points c and d 
because the mechanical inertia of the motor causes it 
to act as a generator. This voltage opposes the supply 
voltage, reducing the voltage drop across the saturable 
reactor if the bridge rectifiers are not perfectly balanced. 
The firing angle will thus be changed, possibly resulting 
in instability of the system, particularly if the bridge 
unbalance is a function of applied voltage. With a bal- 
anced bridge, the voltages across each rectifier are the 
same and are equal to E,/2. 
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If the back emf is zero and the load current is dis- 
continuous, the impedance of the bridge is no longer 
zero but has some finite value for non-perfect rectifiers. 
The impedance is largely dependent on the magnetizing 
current which flows. The supply voltage drop across the 
gate windings is a function of the load impedance dur- 
ing that portion of the excitation interval in which no 
current flows. The effect of any reduced gate voltage is 
to delay the firing angle and reduce the output. 

e Perfect Rectifiers. The importance of having perfect 
rectifiers in the circuit was discussed to some extent 
in the preceding paragraphs. If an unbalance in the 
rectifiers occurs, there is voltage between points a and 
b, which adds to or subtracts from the voltage drop 
across the gate windings during saturation and changes 
the firing angle. If the rectifiers do not offer infinite 
impedance when biased off, some leakage current flows. 
This current by-passes the load during the saturation 
interval, thus affecting the relationship between the gate 
and load currents [Eq (11) }. 

Finite forward resistances in imperfect rectifiers re- 
sult in losses in the rectifiers during the excitation 
interval. Thus, energy must be stored in the inductance 
during the saturation interval to provide for these addi- 
tional losses. 

@ Negligible Control-Circuit Resistance. If the re- 
sistance of the control circuit is not small, the drop 
due to the gate current times the control-circuit resistance 
referred to the gate circuit reduces the voltage between 
points a and 6 during the saturation interval. The net 
effect is an increase of the effective load resistance dur- 
ing the saturation interval. Additional supply voltage 
must be provided to make up the difference. 

@ Perfect Cores. It will be recalled that perfect cores 
require zero magnetizing current and have zero in- 
ductance after saturation. As long as the magnetizing 
current during the saturation interval is not sufficient 
to bias the rectifiers off and the rectifiers are perfect, 
the expressions derived above are valid. It is possible 
that the magnetizing current may make the load im- 
pedance of the bridge something greater than zero. This 
would cause a finite voltage to appear between points 
a and b, thus increasing the firing angle of the saturable 
reactor. 

Since magnetizing current does not link the control 
turns, if it does occur, the per unit armature current is 
greater (by the amount of the per-unit magnetizing cur- 
rent) for a given control current. That is, the values 
shown in Figs. 6 and 7 would have to be increased to 
account for the magnetizing current. 

If the cores cause the gate windings to possess any 
inductance after saturation, the voltage between points 
a and 6 will be reduced during the saturation interval. 
This, of course, must be compensated for by the supply 
voltage. 

It should be emphasized that, although the analysis 
discussed here is concerned with a motor armature load 
and the results are plotted in a form similar to that used 
for soft tubes, the results are equally valid for other 
“hack-emf” loads, such as batteries, electrolytic tanks, 
capacitors, etc. Empirical verification of the analysis 
was made using a battery load. OoO0Oo 

Editor’s Note: In its original form, this article was delivered as 
Conference Paper No. 60-881 at the Summer General Meeting of 
the AIEE in Atlantic City, June 19, 1960. 
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EXTENDED SURFACES 


Spines 


The important and useful spine shape 
for heat transfer surfaces is the subject 
of this, the concluding article in the se- 
ries on the general subject of extended- 
surface thermal analysis. The engineer- 
ing evaluation of spines follows the 
general principles presented earlier, ex- 
cept that spines cannot be treated in 
terms of unit length as was done with the 
elongated fin shapes. Basic spine profiles 
are analyzed and compared. 


ALLAN D. KRAUS 

Senior Engineer, Countermeasures Division 
Sperry Gyroscope COMPANY 

Division of Sperry Rand Corporation 
Great Neck, L. I., N. Y. 


THE ANALYsIS of extended surfaces in the form of pins 
or spines represents merely an extension of the methods 
employed in the analysis of longitudinal and radial fins. 
The only difference in the analysis concerns the heat 
dissipated from the edge. In the case of the spine, the 
length cannot be presumed to be very much greater than 
the width, and hence the general differential equation 
is based on cross-sectional area normal to the heat-flow 
path and spine perimeter. This is a slight modification 
over the longitudinal fin, where only the fin width and 
length (which was often set equal to unity) were con- 
sidered. 

The present task is to set up a general differential 
equation for temperature excess and then to determine 
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for Heat Transfer: 


temperature excess, base heat flow, and efficiency rela- 
tionships for several spines. The spines to be discussed 
are those which have constant cross-sectional area normal 
to the heat flow path—i.e., the cylindrical and rectangular 
spines—and then those whose cross-sectional area is a 
function of the distance from the base. The parabolic 
and conical spines fall in this latter category. 

Finally, as an example of spine analysis, the difficult 
problem of determining the temperature excess in a 
spine of hyperbolic profile will be investigated. This will 
result in a relationship for the temperature excess. 


General Differential Equation for Temperature 
Excess 

Figure 18* shows a spine of arbitrary profile. It can 
be noted that the cross-sectional area normal to the flow 
of heat and the perimeter of this spine are perfectly 
arbitrary functions of the distance, x, from the tip of 
the spine. 

We may set up a general differential equation for the 
temperature excess, just as in the case of the longitudinal 
and radial fin, by considering the difference in heat 
conducted into and out of the differential element, dx 


d dé 
q = - Eze > | dz 


This difference in heat flow must equal that dissipated 
by the surface of the spine in convection: 


(117) 


qe = hfx)0dr (118) 


where f,(«) defines a perimeter function p(x), a func- 
tion of the distance x from the origin of the coordinate 
system. 

The heat balance for the time-invariant (steady-state) 
system results from equating Eqs (117) and (118) to give 


d [ kite) 6") = hfA2)0 
dr dr 


d’0 dfi(x) dé 


kfi(z) dx? +k dr dr hfs(z)o = 0 


from which we obtain the general differential equation 


* Figures, equations and tables are numbered in sequence through this series. 


107 








Fig. 18—A spine of arbitrary profile, for developing general 
equation. The analysis is based on the following premises and 
limitations: 

a. The heat flow is steady; i.e., the temperature at any point 
in the spine does not vary with time. 

b. The material of the spine is homogeneous and the thermal 
conductivity is constant. 

e. The coefficient of heat transfer is constant over the entire 
surface of the spine. 

d. The temperature of the surrounding fluid is uniform. 

e. There are no temperature gradients in the spine other than 
in the direction from the base to the tip. 

f. There is no bond resistance at the base of the spine and 
the temperature at the base of the spine is uniform. 

g. There are no heat sources or sinks within the spine itself. 

h. A negligible amount of heat is transferred out of the tip 
of the spine unless otherwise noted. This requirement, of course, 
applies only to the spines of constant cross-sectional area and 
the hyperbolic spine and not to those spines where the width 
is zero at the tip (conical and parabolic spines). In these 
latter cases, the heat flow from the tip is zero. 


é(z) 28 4 K@) de h 


da de dz PC" = 9 


(119) 


Equation (119) may be compared to that developed 
for longitudinal fins for unit length: 


2 ¢ a} 
(ee MA OB eo 4 


er er ie (120) 


It is seen that the two foregoing relationships are 
identical, except that Eq (120) neglects the edge loss 
and Eq (119) does not. 

In particular, we may consider the longitudinal fin 
of rectangular profile of width 5 where the edge loss 
is neglected. In this case, 


f(r) = 6L 


dt (r) 
dr 


Nomenclature* 


a = a width dimension, rectangular cross section, ft. 
d = diameter of cylindrical spine, ft. 
p = spine perimeter, ft. 


* The reader ie referred to Part 1 of this series, February 1961, 
p 73; Part 2, March 1961, p 95; Part 3, April 1961, p 129; and 
Part 4, June 1961, p 112 for the earlier lists of terminology. 


and fz) = AL +6) S2L 


because L >> 8. The substitution of these relationships 
into Eqs (119) and (120) will yield the identical re- 
lationship. 

For Eq (119), 


do 2hL 
5 =~—0 =0 
éL dr? k , 


and for Eq (120), for unit length [f,(«) = 2 and f,(x) 
- §] 
6 2h 
6 - 6 
dr? k 


0 


or, for both cases, 


where 


/ Oh 


V ks 


Spines of Constant Cross-Sectional Heat-Flow Area 

We now consider in detail the spines of cylindrical 
and rectangular cross-section. The terminology and co- 
ordinate system for these spines may be observed in 
Figs. 19(a) and 19(b). In both cases, the origin of the 
coordinate system is taken at the base and the length 
coordinate, x, is taken as positive in a direction toward 
the end of the spine. Note that the location of the origin 
differs from the general case developed above (See Fig. 
8). This need not concern us here. 

For the cylindrical spine of circular cross-section 
(Fig. 19(a)], we have 


and 
/ (r) rd 
The differential equation for the temperature excess is 


obtained by substituting these values into Eq (119): 


T d°6 rhd 
a- — ) = 
[Tae eS 


where 
4), 
kd kA 


Note that Eq (121) is identical in form to that for 
the temperature excess in the longitudinal fin of rec- 
tangular profile of width 8: 


d’9 29 
— J" 
dr? 


where 


» 


ki 


The general solutions are of course identical: 
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Gé= Cem ft Cye~™= 


and, for the case of no heat flow from the end, 


and base temperature excess, 0), the particular solutions 
will also be identical: 


g — 0 cosh m(b — x) 


(123) 


cosh mb_ 
Now, consider the spine of rectangular cross-section 
shown in Fig. 19(b). Here we have 


Si(z) = ba 


df (xr) ~~ 
<<. 


and 


f(z) = 26, + a) 


With these values substituted into Eq (119), we obtain 


d*9 2h(S, + a), _ 
6,a ee = 0 


where 


m = 2h + a) = SP 
kiya kA 
The general solution to Eq (124) is, again [Eq (122) }, 
6 = Cye™* 1 (',e7-mz 
and for the customary boundary conditions concerning 
base temperature excess and no end-heat flow, the par- 
ticular solution is also [Eq (123) ] 


8, cosh mb - 


= 


cosh mb 


x=b Height x=0 


Fig. 19 — Terminology and coordinate system for spines of con- 
stant cross-section: (a) circular cylindrical spine, (b) rectan- 
gular spine. 
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From the foregoing, we see that the mathematical 
analysis in the case of no heat flow from the end is iden- 
tical for the longitudinal fin of rectangular profile and 
the spines of circular and rectangular cross-section. The 
values of m are all identical in form (m = \V hp/kA), 
but differ in value because of the physical dimensions. 
We may therefore set down without proof the expressions 
for the heat flow through the base and the efficiency: 


q kAmé@, tanh mb (125) 


and 


ti r ih 
ae (126) 
mb 
where [in Eqs (125) and (126) ] we make the generali- 
zation 
hp 
kA 
For the special case of rectangular cross-section where 
all sides are equal (the square cross-section), 
hp h(48) a7) 
kA ke? kb 


Spines of Variable Cross-Sectional Area 


e@ Parabolic Spines. We turn now to spines of 
variable cross-sectional area and consider first the para- 
bolic profiles shown in Figs. 20(a) and 20(b). Note 
that the length coordinate, x, is taken with the origin 
at the spine tip and direction positive toward the base 
as in the general case, Fig. 18. The profile function in 
the case of Fig. 20(a) is f.(«) = (8,/2) (x/b)* and that 
for Fig. 20(b) is f.(x) == (8,/2) (~/b)?. 

For the spine shown in Fig. 20(a), 
meter functions are 


f(r) = a 


the area and peri- 





x2b 


Fig. 20— Terminology and coordinate system for parabolic 
spines: (a) convex, (b) concave. 
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1/2 


He = 2e[8(8)"]-9(8) 


whence 


df(x) _ 
dr 


With these values substituted into the general differential 
equation, we obain 


ef eee. wae A ae s.. 
* (F)aet4 b -4E™ (5) P=? 


and, by transposing terms, 


dé 


— M?vzre=0 
dr 


where m = \/ 2h/k8, and 


4h , 2h —_ 
Bf? on b=? = 
M ki, VO [ Ri, |v b 


The general solution to Eq (127) is 


piel (; Mz") + OK, (5 Mz") 


and it can be noted that, in order to maintain a finite 
temperature difference at x = 0, C. must be zero since 
K.(0) is unbounded. Equation (128) then becomes 


e=Cl. (3 Mz**) 


and, upon application of the boundary condition of 
temperature excess at the base of the spine (6, at x = b), 
we obtain 


(128)* 


4 6, 


a a, ge ei: 
I. G mo) I, G V3 mb) 


and the particular solution 


C, = 


ale(§ V2 2 mb'/4 ni) 


@ a ——__ 


a (Gy v2 2 mb) 
where m = \/2h/ké8,. 

With the temperature distribution, 6, as determined 
by Eq (129), we now determine the heat dissipation q, 
from the spine surface. This dissipation is equal to the 
heat flowing through the base of the spine. 


Bi go 
2 d I. G v 2 mb''4 a) 


— 6 anes 
d r Owe 
r I. (5 vz mb) 
7 z= 
Note that no minus sign appears in this expression 
because the temperature gradient is opposed in direction 
to the sense of increasing length coordinate. 


The indicated differentiation is performed quite simply 
by making the transformation 


(129) 


4= ,, 
a= 5 V¥ 2 mb's 74 
vo 


* See Appendix H 
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so that 


1/3 
v2 na 


_v 2 2 mb*'* 4 si 16 mb - 
gl 3u 


_ du dé 16 m‘b 8 dO 
“dr du 3u du 


— 7 16 a 
DT is _ 3u ‘du 


(4/3) \/2 mb. This yields 


T(u) ~ 
TA) 1 


where u, = 


ie . Ti(u) 
= 4 kré, é.m T.(u,) 


in terms of uw and 


4 
_v2 7 I, (3 V2 mb) 
sar 


kxd,? 6,.m— 1 - 
I, G V2mb) 


in terms of the specified spine dimensions. 
Now, consider the surface area of the spine 


b b 1/2 9 
S = fi(x)dzr = 16) (+) dr = = ré,b 
- b 3 


and then the ideal heat flow if the entire spine were 
to operate at the base temperature excess: 


(130) 


2 
3 16 ;bhé, 


The spine efficiency will be 


P 2 ri a.m; (3. v2 mb) 
7=—= 


% 7b:bh0,I, @ V2 Zmb) 


ao 
ao mn (j VZmb) 
> « —_— 
v2 mb 1.3 v2 mb) 


The inverse parabolic spine shown in Fig. 20(b) is 
analyzed in a similar manner. Here, the profile function 


is f.(x) = (8,/2) (x/b)?* and 
en 
a* (+) 


-[2(%)] -3 


df\(r) 6; 
ie ape 


ea Bad eA ._ 7 


dr b4 r 


reo) = 26 3(5) ]- (5) 


These values are substituted into the general differential 
equation to yield 


C2. (x * 40 75,” , dO 5 r\" ° . 
:~ b dr * bs dr k re ( b ; 
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(132) 


f(z) ws 





- @9 


x 
dr? 


+ de" o. ~ Mx = 0 


where m = \/2h/k8, and 


2h 

a) a oe 2 
M 2u| ie | 2b?m? = 2(mb) 

The differential equation is recognizable as a Euler 
equation and is not solved by the methods employed in 
solving Bessel’s equation. It will be recalled* that the 
solution can be evolved by making the transformation 
v« = e” or v = In x. With this transformation, Eq (133) 
becomes the ordinary differential equation 

de ed de 


1 3 — M% = 
de 7, M6 0 


which has a general solution 
6 Cer + Cee 
in terms of the transformed variable v and 
» _P : y Po « 
9=(Cr'!'+ Cr? (134a) 


in terms of the independent variable x, where 
3 1 leh 
Pi=—-5 +5V9+4+ 4M? 


. 3 Jccpaimabitias 
P, = 2 So O 4 & I? 


Equation (134a) may be written as 


3 1 os 


a Cc 


aes 
(; tv o+4M) 
zr 


and it can be observed immediately that the temperature 
excess becomes unbounded at x = 0 unless the arbitrary 
constant C, is equal to zero. Hence, 


6 = Cz"! 


and for the base condition of temperature excess (@ = 6, 
at x = b) we obtain 


6. = Cb” 


so that the particular solution for temperature excess 


r\" r 
pons) =n (8) 
The spine of least material is obtained when Eq (135) 
is linear or when 


(135) 


p= —34) VF a =1 


from which we obtain 


v9 + 4M? 
9+4M = 
VW? = 


In terms of the spine performance factor, m, this yields 


* See the analysis of the longitudinal fin of inverse parabolic profile. 
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M? = 2m*b? 
mb? 
mb 


n= / 2h 
\ 


The heat flow through the base is found in the custom- 
ary manner at x = Db: 


| 
™ de 

= -| —3,2 } 
* eae le 


Py 
us e d z 
TS” (+) | 
re 


Pa kb? P, 0, 
q 4b 


_ wkd? 6 [— 3 + V9 + 4M?) (136) 
8b 


The spine surface area is 


b b 2 
S = I fx)dr = i 75, (+) dr = ; m6,b 
0 “ 


9 


which yields a value for the ideal heat dissipated, if 
the entire spine were to operate at 4), 


in ; hab:b0. (137) 


Finally, the efficiency of the inverse parabolic spine is 


Te qo i: kb P0./4b Be BRP) 
mT OE ~— hr6,b0,/3 4hb? 


which may be adjusted to give 


$ 2 1 — 
icine ap eal + 4M? 
. sal 3+ 5 V9 Fai | 


— 


; [14+ 5 Vo Far | 


4m?2b? 


By noting that M? = 2m*b?, factoring the 9 from 
under the radical, and multiplying numerator and de- 
nominator by the conjugate, we obtain 


/ 


9 8 th? 
7 ml - 7 V : ree F 


9 +1- (1 > n't) 


~— 4meb? I 8 a 
—-l- \! t 6 mb? 


8 
— —~ ml? 


ma — — 
-—-l- V1 + 5 mb! 


2 


i sca ces ere (138) 
1+ \ 1+ ; mb? 


the final and simplest form for the efficiency of the 
inverse parabolic spine. 

@ The Conical Spine. The conical spine that we 
next consider is shown in Fig. 21. Again, the origin of 
the coordinate system is taken at the tip and the length 
coordinate is taken as positive in a direction toward the 
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Terminology and coordinate system, conical spine. 


Fig. 21 


base. The profile function in this case is y = (8,/ 


(x/b) and therefore 
if ( 5; se 
1 b } 


and 


et lr é zZ i 6 
= l 2 ( b ) - ( b ) : 
These values are substituted in the general differential 
equation so that 


=(% = de ‘ ( ‘\ 22 
i 7) Tde"2\t) a 


1-0 dé 
ae — M*r6 = 0 
. dx 


(139) 
is obtained. In Eq (139), M* = 2m*b and m* = 2h/ké,. 
The general solution to Eq (139) is 
l 
7 = 


and it can be noted immediately that, in order to have a 
finite temperature excess at the tip, the arbitrary con- 


(CMW rr) + C:KiQ2M VW 2)] (140)* 


stant. C., is equal to zero because at x = 0, K,(x)/\/x 
is unbounded. Hence. 
] 
—C,1,(2M WwW x) 
=z 
and C, is evaluated for the base temperature excess, 6,, 
that exists at x = b—namely, 
] 
vb 


C,1(2M wv 6) 


Gov b 
(2M Vv b) 


solution for 


C, 2 


The particular temperature excess is 


therefore 


(141) 


ie (s}- 1,(2M Vz) 


r 


1,(2M Vv b) 


As before, we note that the temperature gradient is 
opposite in sense to the assumed coordinate system, and 


* See Appendix I 
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we use Fourier’s equation for the evaluation of the heat 
flow through the base: 
- 10 
kb? - 
4 dr 


zat 


ee [ ea 1,(2M V 2) 
kb; 6 - = 
dr zr (2M Vv b)4,_, 


lf we make the transformation 


u == 2M\/x, then 
\/x == u/2M, and ‘ 


du _M 2M 


dr Vir u 


d@ du d@ _ 2M? dé 
dr dx du u_s du 


In terms of the transformed variable, the base heat 
flow will be 


_ 7kd,76, V b 2M?) d [aay 
=~ | u du ul,(u,) ums, 


1k5,"6, Mev b I2(u.)** kb,"0, Ms Vv b T Ie(u.) (42 
; ue2l(u.) u,” ra | 2) 


Because u, == 2M \/b, the base flow in terms of the 
variable x is obtained as 


rké,70,M Fe Uv >] (142a) 
- . wa 


tvb LIM Vv 5b) 


The surface area of the conical spine is the integral 
of the perimeter function evaluated between the limits 
v = 0 and x = b. Hence, 


S | Sx)dr = | «(4)) sd = Ob 


and the ideal heat flow is obtained from this surface 
operating at the base temperature excess: 


h [ 7 a | 6, 


Finally, the efficiency is 


767k0.M1A(2M vb) 
4v b 1,(2M V b) kd, M1.(2M V b) 
 hd,b0, 2h(b)?21,(2M V 6) 


However, M = m\/2b, so that the efficiency becomes 


mV 2b 1,(2 V2 mb) 


_ V2 12 Vv 2 mb) 
m(b)827,(2 Vv 2 mb) 


: (143) 
mbI,(2 V 2 mb) 

A comparison of the efficiencies of the spines of con- 
stant cross-section (cylindrical and rectangular), the 
inverse parabolic spines. and the conical spine is pre- 
sented in Fig. 22. 


**Because d/du (\I\(u 
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| | 
y inverse { convex) parabolic m: || 


yConica 
/ 


Example — Temperature Excess in Hyperbolic 
Spine 

Figure 23 shows the terminology and coordinate system 
to be used in analyzing the spine of hyperbolic profile. 
The origin of the coordinate system is taken at some 
point 6, feet from the base of the spine and the length 
coordinate is taken positive toward the end of the spine. 
Here the profile function is f(x) == (8,/2) (b,/x), and 


hence 
" 6; 6b. \7 mr {5b, 
veo = «[ (3) ]-7(%) 


df (r) 7(6,b 


dy 2r' 


6; (bo 6,b, 
£3 (> ) ” 2 
These values may be substituted in the general dif- 
ferential equation to obtain 


and 


717d? d°6 
4z2 dz’ 2x5 dr kr 


1r6\°b,? dé hxd,b, , 


where 


‘ thi 2 2h 
Ve kiyb, es b, [ kb, | 
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Fig. 23 — Terminology and coor- 
dinate system, hyperbolic spine. 


<< 


Fig. 22 — Efficiency of spines. 


_ os 
alc m = . 
; kb, 


Equation (144) is recognizable as Bessel’s equation, 
and the general solution may be set down as 


» 9 
eee [ on(Z Ma) + CKi(5 Me) | (145) 


where the arbitrary constants, C, and C., are to be 


evaluated from the boundary conditions 
6 6, atz = b, 


dé 


. atzr = b, 
dr 


We will find it easier to evaluate the arbitrary con- 
stants if we again make a transformation of variable 


< Mr 


so that 


. du dé 
dr du 





The general solution indicated by Eq (145) may now 
be written: 


es 


ou | (145a) 


@ = Chiu) + G.Ki(u)) 


and the transformed boundary conditions are 


6 = 0 atu = — Mb,* 


a = 0 atu 
du 


2 Mb,” 


These are substituted into Eq (145a) to give first 


3u, 


a.= oM ( l 46) 


(C\I(u.) + C.Ki(u,)]) 
and then 


118 ) 
do ->( ao ) _d cide + C.K,(u)] > 


‘du -2\2M du } 


uae 


The indicated differentiation yields 


~ 


us ; Ci{I.(u) + I(u)] — : C.[K.(u) + name + 


Cilia) + G:Ki(u) (147) 


so that 


3 3u. \_ ; fu.C 
z (sar) 45" Uw.) + 1(u.)] - 


> 


Cs. 
5 - [K.(u.) + K2(u-)} + Cili(u.) + €.K;(u.) r =0 


4 


or 


c [3 Tue) + Iu.) + = Iu) | = 


9 


C. | + Ku) - Ku) += Ke(u,) | 
from which 


(148 


uel (ue) + 20h(u,) + ula.) 


C=C [ “4 (u.) — 2K,(u,) + he) 


Appendix H 


Consider the equation 


29 
r . — © M?z9 = 0 
dr? dr 


and compare it with Bessel’s generalized equation 


: [= x | + (ari + br*)@ = 0 (b) 


“dr dr 


If the comparison indicates that p = k + 2 or b = 0, 
then Eq (a) is reducible to Bessel’s equation and the 
solution (if a is negative) will be 
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However, 

ul (ue) = uel (ue) — 21,(u) 
and 

u.K(ue) = u-K,(u,) + 2Ki(u,) 
whence 


. _ af 2ueK(u.) ] _ ~ Ku) 
a c.| may | = Ta (148a) 
Equation (148a) is now substituted into Eq (146): 


om C,-3ue K,(u.) 


T.(u,) I(u,) + K(u.) | 


ds a 2M6.1 (ue) eee 
e3uel[K(u)i(u.) + Kilu.)l(u.)] 


and 


cai 
O  B3ue[K(ueli(uo) + Ki(u.)1 (ue) 


The particular solution for temperature excess is there- 


fore 
ie 0. ( u ) 
Uo 


in terms of the variable u, and 


rc. /2 2 
( K, (; Mbs") I; G Mz :) 


9 9 
= 3/2 Pde 3/2 
1.(5 si ) Ky (5 Me 4 


K(u.)I,(u) + I.(u.) Kyu) 
K.(ue)Li(uo) + Ki(u,)I.(u.) 





(149) 





PF os) Wa 2 

K, GG Mb") h G Mb,*") 4 
. 32 \ K - 3/2 
1.(3 Mb, ) Ki (G Mb, ) 


Inspection of Eq (149a) indicates immediately that, 
at x = b,, 6 reduces, as it should, to 6,. 
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6 = re [Ci] ,(wr'!*) + CK, (wr"*)] 
if n is an integer, or 
6 = gle [Cy] ,(wr'!*) + Col ,(wr!*)] 
if n is not an integer. For the case at hand, 
? 1 
p=1 Jo a 


a = —M? b=k=0 


and, because b = 0, Eq (a) is reducible to Bessel’s 
equation where the evaluation of the constants a, B, w 
and n proceeds as follows: 
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_VG— py 4)_Va—-1-0_ 

2—pt+yJ 3/2 . 

The general solution to Eq (a) may therefore be set 
down as 


n 0 


0= ci ($mem) +oK.($Me) 


because n is an integer. 


Appendix.  —— Aa SSSSsSsSsSsSsSsSsSseseseF 


Consider the differential equation 


20 Le dé 


qa + 2tGr M?ré = 0 


and compare it to the generalized Bessel equation 


tin? 
dr\|” dz 


| + (axi ++ bx*)@ = 0 (b) 


If the comparison indicates that p = k + 2 or b= 0, 
then Eq (a) is reducible to Bessel’s equation and the 
solution (if a is negative) will be 

6 = ghia (Cy (wr!) + CT n(wr'/#)] (c) 
if n is not an integer, and 


0 = ra [CT (cor@) + CK, (wr'/2)] 


if n is an integer. In this case, 


Appendix J 


Consider the differential equation 


1 d* 2 dé M’ , 


zx? dr r 


2 dr? 
and compare it to the generalized Bessel equation 


d dé 
zP—— 


If the comparison indicates that p= k+2 or b=0O, 
then Eq (a) is reducible to Bessel’s equation and the 
solution (if a is negative) will be 


6 = Fa (CI, (wr"!*) + Col_n(wr'’*)] (c) 
if n is not an integer, or 
6 = ro (CT, (wr''*) + CK ,(wr''*)] (d) 


if n is an integer. For this case, 


p=2 j=l 
a = —M? b=k=0 


and because b = 0, Eq (a) is reducible to Bessel’s equa- 
tion where the evaluation of the constants a, 8, o and 
n proceeds as follows: 


9 


oD pti 


ah i= a> - 8 = é 

2-p+j 1 
= —ila Va= —i2v¥—M? = 2M 

VQ —pP+4 VG—2"-0_ Vi 
on ee ie ee Chiang as 
a-PptrJj 1 1 


The general solution is therefore 


“= (hQMV/2) + C.K \(2MV/2)} 


zx 


and because b = 0, Eq (a) is reducible to Bessel’s equa- 
tion where the evaluation of the constants a, 8, w and 
n proceeds as follows: 


9 


- 


2-—pt+ij- 


2 
a i 


_VG—py— 4) vil—(—2)P-0 v9 
ae 2—pti 3 Uae 





3 
oe 
Hence, the general solution to Eq (a) is 


9 2 
6= onl on (3 Mz") 4 ak. (5 ma") | 


With the publication of this concluding installment in the series on ‘‘Extended Surfaces for Heat 
Transfer,’’ ELECTRO-TECHNOLOGY announces the availability (approximately August 1, 1961) of 


the combined reprint 


Heat Flow Theory and Extended Surfaces for Heat Transfer 


This reprint will embody the five articles in the above series, PLUS the S & E article “Heat Flow 
Theory” from the April 1959 issue and the article ‘‘Bessel and Gamma Functions” from the Janu- 
ary 1961 issue. The whole (74 pages) is available at $3.00 a copy. For Order Form and multiple- 


quantity prices, see pp 156-57, this issue. 
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Combined Time-Temperature Data for 
Electrical/Electronic Laminates 


su. > Prepared in Cooperation with the Industrial Laminate 


*- Section, National Electrical Manufacturers Association 


Results of a NEMA-University of Delaware 
program providing data on selected plastics 
laminates at 130 C, 220 C and 260 C and 


for various time exposures from 1 to 60 


min and from I hr to 100 hr. 


THE ACCOMPANYING CHARTS (Figs. 1 to 6, inclusive) 
represent the results of an evaluation program conducted 
at the University of Delaware under the sponsorship of 
the National Electrical Manufacturers Association 
(NEMA) to determine the effects of temperature exposure 
on a number of representative grades of industrial 
thermosetting laminates. The objective was to obtain 
data that can be utilized in the optimum specification of 
these materials in various electrical/electronic applica- 
tions, particularly where elevated temperatures are en- 
countered. In this program, NEMA Grades XXXP, LE, 
G-5, G-7, GPO-1 and G-11 were tested for flexural 
strength and electric strength (perpendicular to lamina- 
tions, in air) after exposure to elevated temperatures of 
130, 220 and 260 C, for periods less than 1 hr as well as 
periods of from 1 hr to 100 hr. Original strength values 
were taken at 23 C. 

In a previous program, conducted at The John Hopkins 
University, NEMA grades XX, LE, XXXP. AA, GOP-1, 
G-5, G-7 and G-10 were tested for flexural strength and 
electric strength (parallel to and perpendicular to 
laminations) at temperatures ranging from 90 C to 250 C. 
Exposure times were 1 hr, 168 hr and 1000 hr. The tests 
at 1-hr exposure were mainly indicative of the initial effect 
of temperature. The tests at 168 hr and 1000 hr showed 
the effects of both temperature and time. The results of 
the Johns Hopkins program (also details of test methods 
used) were first published in ELEcTRIcAL MANUFACTUR- 


NEMA Laminates Tested 


Grade 


Description* 





Paper-base, phenolic resin; better electrically than 
Grade XX, good punching 
Fine-weave cotton-fabric base, phenolic resin; electri- 
cal applications 
G- Glass-fabric base, melamine resin; electrical applica- 
tions, particularly flame and arc resistance 
G- Glass-fabric base, silicone resin; electrical applications, 
high heat and arc resistance 
G-11 Continuous-filament-type glass cloth with heat-resist- 
ant epoxy resin 
Glass-mat base, polyester resin; electrical and mechan- 
ical applications 


xXXXP 


GPO-1 


* For more complete descriptions of these grades, refer to the NEMA Standards 
Publication for Industrial Laminated Thermosetting Products, LP 1-1959. 


116 


ING (“High-Temperature Characteristics of Thermosetting 
Laminates,” page 115, April 1959 issue) and were later 
incorporated in NEMA Publication LP 3-1959. 

The University of Delaware-NEMA program reported 
here used the same test procedures as the first program, 
except (as already noted) that the electric-strength test 
was made in air and in the perpendicular direction only. 
In both programs, the specimens were 1% in. thick. 


Summary of Results 


The flexural strength of all grades tested at the Uni- 
versity of Delaware was found to reach the minimum 
level within a few minutes. In general, there was a re- 
covery of strength, but in no case did the strength return 
to its original level. In all cases, the greatest recovery 
occurred at the lowest temperature (130 C). 

The electric strength in air of all grades was found 
to be lowered by exposure to elevated temperatures and 
did not return to its original level, as was the case when 
the test was made in oil. The most rapid loss in electric 
strength occurred in the paper and cotton-fabric-base 
grades, their minimum being reached generally within 
14 hr, after which some of the strength was recovered. 
Of the glass-base grades, G-7 gave the best performance 
in that it retained more of its electric strength than 
both G-5 and GPO-1 and its performance was essentially 
the same at each of the temperature studies. 

Limiting temperatures were found for some grades, as 
follows: 

220 C 
XXXP Charred at 100 hr 
LE Blistered at 3 min 
G-5 No effect 
G-7 No effect 
G-1l No effect* 
GPO-1 No effect 


260 C 
Blistered and charred at 3 min 
Blistered and charred at 3 min 
No effect 
No effect 
Charred at 100 hr* 
Charred at 100 hr 


* Tracking during electric-strength test occurred at 130 C and above. 


In studying the results of this investigation, it should be 
recognized that the significance of combined time and 
temperature data differs widely, depending on the appli- 
cation. At one extreme, a life of up to 15 or 20 years is 
required (as in motors or generators) ; at the other end, 
an operating life of a minute or so may be fully satisfac- 
tory (as in the case of certain missiles). O00 
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Effects of time and temperature on selected NEMA-grade plastics laminates. Bar charts repre- 
sent composite test values (in percentage of original strength) of various individual samples 
for (a) flexural strength and (b) electric strength in air perpendicular to laminations. 
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Fig. 5 — Grade G-11: continuous-filament-type glass cloth 
with heat-resistant epoxy resin. 
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Fig. 4— Grade G-7: glass-fabric base, silicone resin; elec- 
trical applications, high heat and are resistance. 
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Digital-Circuit Reliability 
through REDUNDANCY 


As equipment becomes increasingly com- 
plex, the likelihood of component failure, 
causing the equipment—and perhaps the 
mission—to fail, increases. The need for a 
high degree of component and circuit relia- 
bility is not completely satisfied by simple 
techniques such as derating, etc. Standby 
components and complete standby circuits 
may now be employed in digital circuits to 
minimize the probability of error and fail- 


ure of operation over long periods of time. 


ALBERT A. SORENSEN 

Research and Development Division 
Space TecHNOoLocy Lasoratories, INc. 
Los Angeles, California 


THE TECHNIQUE OF REDUNDANCY is often used in elec- 
tronic circuitry when it becomes necessary to improve 
the reliability of a system beyond that obtained with 
simpler techniques such as derating, simplifying, lower- 
ing environmental requirements, selecting better parts, 
etc.(1)* Digital circuits, in particular, lend themselves 
to applications of redundancy. The ensuing discussion 
deals with circuits that might be used in computers, 
registers, or other digital devices employed in missiles 
or space vehicles and reviews the results obtained by the 
application of various redundancy techniques to reversible 
and non-reversible flip-flops and their associated logic 
circuits. 

When everything possible has been done for derating, 
etc., it has been found that non-redundant components 
have the following failure rates: 


per cent/ 1000 hr 
transistors (silicon) 0.018 
diodes (silicon) 0.0036 
capacitors (paper) 0.001 
resistors (carbon composition) 0.0015 


From these figures, the failure rates of the following 
circuits are determined: 


per cent/ 1000 hr 
single flip-flops 0.059 
single reversible logic 0.014 
single set of AND, OR gates and 
unloading amplifier (assumed three 
inputs to each gate) 0.043 


These failure rates assume that: 


1. good parts are used 
2. failure rates are uniform 


* Italic numerals in parentheses refer to Cited References at end of article. 
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3. initial mortality rate of parts is over 
4. wearout has not begun to occur 
5. derating has been applied to the fullest extent. 


If P is the probability of success, or reliability, and 
Q is the probability of failure, then the sum of the two 
expresses a certainty, or 


P+Q=1 

Assuming the conditions given above, the reliability 
may be defined as P(t) = e-**, where A = element or 
circuit failure rate and t = time. If d is in per cent/1000 
hr, then 

P(s) == oh x 10° 

The expansion of e* in a Maclaurin series is given as 

e* = 1] — x/1! + x?/2! — «3/3! + x*/4! 
For x < 0.01, e* = 1 — x. Then 

P(t) = ex 1°75 —= ] — “a X 10° = 1 — Q(t) 
Therefore, Q(t) = td’ X 10° for tA K 10° < 0.01 or 
th < 10°. These results yield the failure probability over 
a period of one year (8760 hr) : 


0.00517 
0.00376 
0.00376 


These numbers seem so low that one might question 
the use of redundancy. Note, however, that in a typical 
satellite system designed to operate for a year, there 
might be 100 of each of these circuits. The total failure 
probability then becomes 0.64—and these counters and 
logic elements form only a part of the complex system. 
An improvement in reliability is necessary, and the only 
means of accomplishing this is by the application of 
redundancy. 

Two general approaches to redundancy will be con- 
sidered: (a) redundancy at the parts level, and (b) 
redundancy at the circuit level. In the first case, each 
part of a flip-flop, for instance, is duplicated in such a 
way that any one failure per flip-flop will make no differ- 
ence in operation. In the second case, a number of flip- 
flops operate essentially in parallel in such a way that a 
failure of any one flip-flop will make no difference in 
operation. There are certain desirable features in each 
of these techniques. 


single flip-flops 
single reversible logic 
single set of output logic 


Part Redundancy 


Different types of parts fail in different manners. Al- 
though it is almost impossible for a resistor to short, 
diodes, transistors or capacitors may fail open or shorted. 
It will be assumed that the probabilities of a short or an 
open failure are equal. 
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Fig. 1 shows a single part (no redundancy) and three 
ways to connect units to duplicate a single part func- 
tionally and gain redundancy. The series-pair connection 
is applied where an open is not considered as causing 
the whole circuit to fail. For this case (usually used with 
diodes or capacitors), the diodes must each have the 
capability of standing the full voltage or current stress 
and the capacitors must each have the capability of stand- 
ing the full voltage. The circuit that uses capacitors in a 
series pair must be capable of 100 per cent changes in 
value, in case one of the capacitors should fail shorted. 

The parallel-pair connection is used for elements that 
cannot fail shorted, such as resistors. If the value of each 
resistor is R, then the pair gives R/2 without failures 
and R with a failure, so the circuit must be able to toler- 
ate this change. The power rating must be calculated 
for the case of one resistor failing. 

The parallel-series quad is used for any part which 
may open or short and where an open or a short of the 
part would cause circuit failure. If each element has a 
value R (in the case of resistors) or C (in the case of 
capacitors), then the quad has a value of R or C with 
no failures, 3R/2 or 2C/3 for an open failure, or R/2 
or 2C for a short failure. The circuit should be capable 
of operation with resistance value change from 3R/2 
to R/2 or capacitance change from 2C to 2C/3. 

What is the decrease in the failure rates gained by 
using each of these combinations? Figure 2 shows com- 
bination diagrams for each of the three cases. In the dia- 
grams, G = good, S = short, and O = open. In the 
parallel-pair case, only open failures are assumed to 


pe 
a4 


Fig. 1 — Connections for part redundancy. 





occur. Fér the series-pair case, the failure of the pair 
in open and short cases is indicated with different cross- 
hatching, since pair failure is to be determined for the 
open and shorted cases separately. For the other two 
cases, pair failure due to either the shorted or open case 


series quad 


Combination diagrams for redundant-part connections. 


Fig. 3 — Schematic diagram for basic flip-flop element. 


or a combination of both is indicated by one type of 
cross-hatching. 

For the series pair case it may be seen from Fig. 2(a) 
that there are: 


a) one combination of no failures which does not cause 
failure of the pair; 

b) four combinations of one failure, half of which cause 
an open failure of the pair; and 

c) four combinations of two failures, all of which cause 
failure of the pair, three in the open condition and one in 
the shorted condition. 


This gives the probabilities of failure of the pair as, 
respectively : 


a) no failures: zero; 
b) one failure: 0.5 (all opens); and 
c) two failures: 0.25 (shorts), 0.75 (opens). 


It then remains to find the probabilities of zero, one, 
and two failures occurring. 

Let us assume that g = probability of an element 
failing in either the shorted or open mode. Then, p = 
1 — q = reliability of the element. Both of these quan- 
tities are a function of time and the failure rate of a 
single element, as previously shown. If the probability 
of no failure = Q >, one failure = Q,, etc., then 


Qo + Q,; + Q. = l 
It may be shown (2) that this relation is equivalent term 


by term to the binomial expansion of (p + q)*, where 
(p + q)? = p® + 2pq + @ 





























Fig. 4— Schematic diagram of completely redundant flip-flop. 
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Thus, Qo = p? = (l— gq)? 
Q, = 2pq = 2q(1 — gq) 


Q.=¢° 


The probability that the pair will fail is the sum of each 
of the products of the probabilities of a certain number 
of failures times the proportion of failures of the pair 
that this will cause. The probability of a pair failure as 
a short is therefore: 
Q::=@ X 1/4= @’*/4 

The probability of a pair failure as an open is therefore 
Otro = 2q(1 — gq) X 1/2 + gq? X 3/4 = q — (q7/4) 

For the shunt-pair case, it may be seen from Fig. 2(b) 
that a much simpler condition prevails. There is one 
condition of no failures, two of one failure, and one of 
two failures; only the two-failure case results in the 
failure of the pair. From the previous example, the proba- 
bility of two failures is qg’. Therefore, the total failure 
probability is Qi. = q’. 

For the case of the parallel-series quad, there are a 
great many more combinations of failures. From Fig. 
2(c) one can count the following: There is one combi- 
nation of no failures, which of course does not cause a 
quad failure. There are eight combinations of one failure, 
none of which causes a quad failure. There are 24 com- 
binations of two failures, six of which cause a quad fail- 
ure. There are 32 combinations of three failures, 20 of 
which cause a quad failure. There are 16 combinations of 
four failures, all of which cause a quad failure. Zero or 
one failure will never cause a quad failure. Two failures 
will cause a quad failure in 14 of the occurrences. Three 
failures will cause a quad failure in 5% of the occurrences. 


Four failures will cause a quad failure every time. 
Again, writing the expression for the probabilities of 
none, one, etc., failures, 
Q, + Q, + Q. | Q, +- 0, = ] 


The expansion of (p + q)* yields: 


p*t + 4p*q + 6p’q? + 4pq*? + qt = 1 
Thus, 
Q. = pt = (1 — @)* 
Q, = 4p*q = 4(1 — q)*q¢ 
Q. = 6p*q? = 6(1 — q)*q? = 6(q? — 2q* + q*) 
, = 4Apq? = 4(1 — q)q? = 4(q° — q‘*) 
QO, = q* 
The total quad failure probability is 
QO: = Q./4 + 5Q;/8 + Q, 
Substituting, we obtain 
Q; = (6/4) (q? — 2q' 4 
= (q°/2) (3 — q) 
Since gq << 1, Q; = 3q*/2. 

By using these failure probabilities for elements, pairs, 
and quads, the failure rate of a redundant circuit may be 
determined. Note that only shunt pairs and quads are 
used directly as parts of redundant circuits. Thus it 
seems apparent that the reliability of the redundant cir- 
cuit may be increased since the failure probabilities are 
reduced from q to q? or 1.5q°, which may be a great 
deal smaller for very small q. 

The basic flip-flop (binary) circuit shown in Fig. 3 
is a standard low-frequency design using silicon trans- 
istors. Figure 4 illustrates a completely redundant flip- 
flop and is the redundant counterpart of the circuit shown 
in Fig. 3. It has been formed by replacing each transistor 
of the basic flip-flop with a quad comprised of four 


q*) + (20/8) (q* — q*) + q* 
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Output 2 


Fig. 5— Schematic diagram of a quad subcircuit for a redun- 
dant flip-flop. 


Outputs 


O +5 volts 


Fig. 6— Connections of quads and collector resistors for a 
redundant flip-flop. 


similar circuits, each consisting of one transistor, one 
diode, three resistors, and a series-pair of capacitors. 
If any resistor, the transistor, or one of the capacitors 
fails, only one element of the quad is affected. If both 
the capacitors fail shorted, the entire quad (and thus 
the flip-flop) fails. A quad subcircuit is shown in Fig. 5. 
The failure probability of one quad subcircuit will now 
be determined. 

Assume that the failure probability of a transistor is 
da, of a resistor is qp, of a diode is q, and of a capacitor 
is ga, and that all transistors, resistors, diodes, or capaci- 
tors have the same failure probability, which is the lowest 
possible for that type of part under the temperature con- 
dition present. Then the total failure probability of one 
quad subcircuit, X1A, is 

Oxia == Ga + 3qn + Ge + (Ga — Ga?/4 + a?/4) 
= da + 3qb + qo + Ga 
The failure probability of the entire quad is then: 
9x1 = xia?(3 — Qxia) /2 

The two quads and the shunt-paired collector resistors 

are shown in Fig. 6. This forms a complete redundant 

flip-flop such as shown in Fig. 4. Referring to Fig. 6, 

the failure probability of the entire flip-flop is: 

der = 29x: + 2qy? + 8qu°/4 

The last term in the equation is the probability of the 

shorting of both capacitors going to the input in either 

of the quads. Substituting into the last equation: 

Ove = 3 (qa + 3qy + Ge+qa)* — (da + 3qn + Ge + Ga)* 4 
2a? + 242" 
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Fig. 7— Block and schematic diagrams of reversible counter 
and logic element. 


Now, if the higher-order terms are neglected (usually 
valid for small q’s) 


dvr = 3(ga + 3qy + Ge + Ga)? + 2qe? + 2qa? 
It was shown previously that the approximation is usu- 
ally valid that 
Q(t) =n xX 10° 
Then, g, = ti, X 10°, qy = tty X 10°, etc. From previ- 
ous sections: 
Ag = 0.018, A, = 0.0015, A, = 0.0036, Az = 0.001 


Substituting, the failure probability of the redundant 
flip-flop as a function of time is 
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Fig. 9— Schematic diagram of typical output logic elements. 


Qer =f? X 10°%°[3(0.018 + 3 X 0.0015 + 0.0036 + 
0.001)? + 2(0.0015? + 0.001?) } 
== ¢ X 22 xX 10°* 
For one year of operation, t = 8760 hr and the failure 
probability is 
arr = 7.68 X 2.2 X 10* = 1.69 X 10° 
= 0.0000169 
Note that this is approximately 300 times better than 
the failure probability of the nonredundant flip-flop for 
the same length of time. 

A non-reversible counter may be built by using a series 
of these circuits with the output of one connected to 
the input of the next, etc. In reversible counters, some 
logic is necessary between cascaded flip-flop stages. One 
type of satisfactory logic uses two AND gates and an OR 
gate for this logic element. This is illustrated in Fig. 7. 
The forward or backward lines have voltages of either 
+5 or —5 volts. The positive voltage enables the gate 
whenever the output of the flip-flop goes from +5 to —5 
volts. This change is differentiated and the or operation 
is performed by the diodes and single resistor. This 
operation yields a reversible counter. 

The same sort of analysis may be applied to the logic 
necessary for the reversible counters. A completely re- 
dundant set of this logic circuit is shown in Fig. 8. 
Extensive use is made of parallel-series quads for the 
diodes and capacitors, while the resistors are present in 
shunt-pair form. The failure probability for the reversible 
logic is 

Qn = 2(3q.7/2) + 2(3qa?/2) + 3a? 
= 3q,* + 3q.? + 3qa’ 
As before, the failure probability as a function of time is 
Qn = 3t? X 10°°(0.0036? + 0.001? + 0.00157) 
= 49 X 10° 

For one year of operation, g,; == 3.76 X 10°’, which is 
about 3300 times better than the same nonredundant cir- 
cuit. For one redundant flip-flop and one redundant 
reversible logic, the failure probability is 1.73 xX 10° 
per year. 


Fig. 8 — Schematic diagram of completely redundant reversible 
counter logic. 
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In addition to the logic necessary to provide reversible 
counters, certain other logic is often used with the 
counters to obtain the outputs. This additional output 
logic may be thought of as consisting of repetitions of 
AND and OR gates, together with unloading amplifiers. 
Examples of these circuits are shown in Fig. 9. It should 
be noted that, in general, an AND gate may drive an OR 
gate directly, but an or gate needs an unloading ampli- 
fier between it and the following AND gate. Each flip-flop 
of the type discussed here may drive at least ten AND 
or OR gates without difficulty. 

Fig. 10 shows a completely redundant set of output 
logic similar to that shown in Fig. 9. The total failure 
probability is: 

dor = 6(3q.7/2) + 3(qa + 2qn)?/2 + 2a%? 
= 9q,? + 3qq7/2 + 6qagn + 10q,? 
The failure probability as a function of time is 
Qo = X 10°°(9 X 0.0036? + 1.5 X 0.018? + 
6 X 0.018 X 0.0015 + 10 X 0.00157) 
= 7.87 X 10°%*2 
For one year of operation, qo; == 6.05 X 10°*, which is 
about 620 times better than the same nonredundant circuit. 

For one year, the failure probability of 100 of each 
of the three circuit types is 2.16 X 10°° = 0.00216, 
which is almost 300 times better than the same number 
of nonredundant circuits for the same length of time. Note 
that this is in spite of the fact that the total number of 
parts has increased from about 4300 to 13,000, or an 
increase of about three times. The volume and weight 
will increase by only about 1.5 times. Note also that 
this type of redundancy makes it difficult to determine 
how the circuit is working during initial checkouts, since 
one part in a quad may fail without any change in the 
circuit operation. Another disadvantage is that the 
circuit must be able to operate with considerable varia- 
tion in parameters, which can present a difficult design 
problem. 


Circuit Redundancy 


Some of the disadvantages present with part redun- 
dancy are less serious if circuit redundancy is used. 
In this case, a number of circuits are operated in parallel 
with their outputs serving as inputs to some sort of 
decision-making circuit. The decision-making circuit 
generates an output corresponding to the majority of 
the inputs. This output serves as inputs to a number of 
circuits in parallel again, etc. This is a form of “voting” 
redundancy in that the majority rules. Usually, three 
circuits are operated in parallel. A failure of any type 
in any one of these circuits will cause no failure in the 
system. 

This system may be applied to either reversible or 
nonreversible digital counters. In either case, three flip- 
flops are operated in parallel for each one in a non- 
redundant case. For a nonreversible counter, logic is 
added between the series of three parallel flip-flops to 
provide the decision circuit. For a reversible counter, 
much the same thing may be done, except that the 
decision-logic circuitry may be combined with the already 
necessary reversible logic circuitry. Note that the overall 
reliability of such a system depends on the design of the 
decision-making and/or reversible logic circuitry. 

The block diagram in Fig. 11 shows how “voting” 
redundancy may be applied to a nonreversible counter. 
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Three flip-flops are in parallel, driven from a common 
input. Their outputs are presented to a decision-logic 
circuit which accepts the majority output and delivers 
this to three more flip-flops, etc. The design of the de- 
cision circuit is fairly simple. Figure 12 shows a block 
diagram of the decision logic. It consists of three AND 


Fig. 10-—Schematic diagram of completely redundant output 
logic. 


OOutput 


Fig. 11 — Block diagram of a nonreversible counter with “vot- 
ing” redundancy. 


Fig. 12 — Gating in a nonreversible redundant counter decision 
logic block. 





cates driving an or gate. The inputs are V, Q’ and Q”, 
which are outputs of the three driving flip-flops. The out- 
puts of the AND gates are a, b, and c and the output 
of the or gate is d. A high output is generated from an 
AND gate if both inputs are high. A high output is 
generated from the or gate if any input is high. 

To see how this circuit accepts the majority rule, con- 
sider the four possible types of cases: 


a. Assume Q, Q’ and Q” are all high. Then a, b, c and 
d are high. 

b. Assume Q and Q’ are high and Q” is low (failure). 
Then a is high, but b and c are low. The output d will be 
high. however. because of a. 

c. Assume Q is high (failure) and Q’ and Q” are low. 
Then a, b, and c are all low and d will be low. 

d. Assume Q, Q’ and Q” are all low. Then a, b, c, and 
d will all be low. 


In all cases, the failure of any one flip-flop does not 
affect the output. 

The circuit of Fig. 12 is easily mechanized and is 
shown in Fig. 13. The diodes designated CR7 and the 
resistors R16, R17 and R18 form the three AND gates. 
The diodes designated CR8 and the resistors RI9A and 
R19B form the or gate. All of the diodes are operated 
in series pairs to protect against shorts. If any diode fails 
open and no other failures occur, the counter continues 
to work. However, without the series-pair arrangement, 
the short failure of a single diode would cause the 
counter to stop. The resistors R16, R17 and R18 do not 
need redundancy since they can only open, and in the 
absence of other failures this will not cause the counter 
to fail. The resistors RI9A and R19B are used as a 
shunt pair since an open at that point would cause a 
counter failure. The input capacitors to each of the 
flip-flops must be connected as a series pair so that a 
short at this point will not cause a counter failure. An 
open will merely cause that particular flip-flop to fail. 

The reliability as indicated by failure probabilities 
will now be assessed for each stage of such a nonrevers- 
ible redundant counter. The failure probability of a 
single flip-flop is: 


Fig. 13 


Schematic diagram of a decision logic circuit. 


Orr = 2(qa + 4an + de + 2¢4) 
The failure probability of a capacitor pair shorting in 
any one flip-flop is: 
2qa°/4 = qa’ /2 
The probability of two flip-flop failures is: 
Qrre — 3(1 eee Qrr) Orr’ 
The probability of three flip-flop failures is: 
Qrrs ~— Qrr*® 
The probability of each decision-logic network failing 
is the sum of nine times the probability of any diode 
series pair shorting, 9q,7/4, plus the probability of 
two or three of the resistors R16, R17 and R18 failing, 
3(1 — qv) ay? + av° = 3ay” — 2q;,°, plus the probability 
of the resistor pair opening, q;”. The probability of the 
decision logic failing is then 
Qa = 9q.°/4 + 4qo* — 24° 
The probability of an n-stage counter failing is n 
times the sum of the probabilities that: 
a. two flip-flop failures will occur 
b. three flip-flop failures will occur 
c. a decision logic will fail 
d. any input capacitor pair will fail. 
This may be written as 
Q. =n [12(ga + 4qn + Ge + 2qa)* — 8(qa + 4qy + 
Ge + 2qa)* + 3qa?/2 + 9q-?/4 + 4qy? — 2a0°] 
Neglecting higher-order terms, 
Q. = n[12(qa + 4qn + ae + 2a)? + 3qa?/2 + 
9q.?/4 + 4qz7] 
Substituting, the failure probability as a function of 
time is: 
Q, = nt? X 10°°[12(0.018 + 4 X 0.0015 + 0.0036 + 
2 X 0.001)? + 3 X 0.0017/2 + 
9 X 0.0036?/4 + 4 X 0.00157] 
=p. 1054 X 10-°* 
For the special case of one year: 
QQ, =n X 81 X 10° 
For a 100-stage counter, n = 100, and Q, = 8.1 X 10° 
= 0.0081. Note that, while this is about 65 times better 
than a nonredundant nonreversible counter of the same 
number of stages, it is 4.8 times worse than the wholly 
part-redundant counter. The nonredundant counter of 
100 stages would require 1600 parts, the part-redundant 
counter 6800 parts, and the circuit-redundant counter 
8300 parts. Size and volume are roughly comparable to 
the number of parts. The part-redundant counter would 
take about 1.5 times as much power as the nonredundant 
circuit, but the circuit-redundant counter would take 
about 3.5 times as much power since all parts of this 
system normally are operating. Normalized comparisons 
are made below: 


Comparisons for 100-Stage Nonreversible Counters 
Success Number of 

Redundancy probability parts 

None ] 1.0 

Parts 304 4.2 

Circuit 65 5.2 
Note that this table is applicable to this one particular 
case for one particular length of time, but it does indi- 
cate the relative order of results for any case. For other 
lengths of time, to a first-order approximation, and for 
the same cases, approximately the same relative im- 
provements would be valid. 
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Fig. 15 — Schematic diagram of a decision logic circuit for a 
reversible redundant counter. 


Circuit redundancy may also be applied to reversible 
counters, but it is more difficult and complicated be- 
cause of the logic already present. Two different types 
of decision-logic circuitry for use with reversible counters 
are shown in Figs. 14 and 15. The circuit of Fig. 15 
is completely general, but if no intrastage outputs are 
desired, the circuit of Fig. 14 may be used. The same 
general comments apply to these circuits as for Fig. 13. 
In Fig. 14, six AND gates are used, feeding into one OR 
gate. In Fig. 15, six AND gates feed into two OR gates, 
then into two differential-type AND gates, and then one 
oR gate. A reliability analysis of both of these cases 
would show that, for a reversible counter, part redun- 
daney is even more superior to circuit redundancy than 
in the nonreversible counter case, as far as reliability 
improvement, weight, size, number of parts. and power 
are concerned. 

The disadvantages of circuit redundancy are: smaller 
improvement in reliability through redundancy; greater 
increase in size, weight, number of parts and weight; 
and a much greater increase in the power required. Ad- 
vantages are: ability to use standard modules for flip- 
flops; much greater ease of check-out; and circuits need 
not be capable of accepting great parameter variation. 


Conclusions 


The failure probability of all types of digital circuits 
may be decreased by several orders of magnitude through 
the application of redundancy. The increase in reliability 
is a function of the type of circuit, the part failure rates, 
and of time. For a nonredundant circuit, the failure 
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Fig. 14— Schematic diagram of a decision logic circuit for a 
reversible logic counter not requiring outputs. 


O -/0 volts 


probability may be so high that some form of redundancy 
may have to be considered. Either part redundancy or 
circuit redundancy may be applied, with several ad- 
vantages and disadvantages for each technique. 

Part redundancy involves a part-for-part doubling or 
quadrupling of parts. Advantages are an increase in 
probability of success of about 300 times over nonre- 
dundant cases. Disadvantages include difficulty of appli- 
cation and testing. Circuit redundancy involves a tripling 
of circuits, plus the addition of decision circuits. Advan- 
tages include ease of application and testing. Disadvan- 
tages are the relatively lower reliability improvement of 
65 times over nonredundant cases and a larger increase 
in number of parts and power required. O00 
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DESIGN Trends 


Edited by Michael M. Meyers, Associate Editor 


Precise Angle Indicator 


SAUL LISS, Senior Staff Engineer 
Kearfott Division 

GENERAL Precision, INc. 

Little Falls, N. J. 


AN ANGLE INDICATOR which can _ be 
easily modified and adapted to a multi- 
tude of laboratory, production and field 
uses is basically an instrument that 
provides a visual readout of an angle 
that corresponds to the shaft position 
of a synchro or resolver, or the position 
angle of a gyro. 

Kearfott’s precise angle indicator, 
shown in Fig. 1 (and hereafter referred 
to as PAI), is a complete servo system 
which provides numerical presentation 
of angular positions and consists of: 
control transformer, amplifier, servo- 
motor and gear train. The readout de- 
vice is a 360-deg four-drum dial indica- 
tor designed for continuous rotation. 


Description. A functional diagram of 
the system is shown in Fig. 2. When 
the shaft of the device being measured 
is rotated, the signal voltage induced 
in the stator is transmitted to the stator 
of the control transformer in the PAI. 
The resulting signal in the rotor of the 
control transformer is applied to the 
servo amplifier, whose output is used 
to drive a servomotor. The motor is 


Control 


transformer 


Amplifier 


Shoft input of 9 
remote transmitter 
or resolver 


mechanically coupled to a gear train 
which simultaneously positions the 
angle indicator and turns the control 
transformer toward null. When the 
control transformer has been nulled 
out, the motor stops driving, at which 
time the counter is at its correct angu- 
lar reading. During rotation, the damp- 
ing generator, an integral part of the 
servomotor, supplies a feedback voltage 
to the amplifier. This provides electrical 
damping for the system. An internal 
view of the PAT is shown in Fig. 3 and 
specifications are given in Table I. 


General Applications. While the PAI 
is generally used to monitor the angu- 
lar position of such components as 
synchro control transmitters and re- 
solvers, it can be used to read out the 
angular position of any electromechani- 
cal tranducer whose output is an analog 
voltage, as well as any potentiometric 
transducer. 

As seen in Fig. 3, provisions have 
been made for replacing the control 
transformer with a different feedback 
element or for attaching auxiliary ele- 
ments. These modifications can be made 
in the laboratory, and the instrument 
need not be sent back to the manu- 
facturer. 


Space for 
OQuxiliary 
component 


Servomotor 


2—Schematic diagram of 
the precise angle indicator. 


Bo 


Fig. 3—Internal view of the precise angle indicator. 


Fig. 1—Precise angle indicator. 


Table I—PAI Specifications 


Input signal S:, S. and S; of external 


synchro transmitter. 


Repeatability | Within one minute in 
either clockwise or count- 
erclockwise direction for 
any angular position. 

Readability 0.5 min through full range 

from zero to 360 deg. 

Rotation is continuous. 

+6 min in standard unit. 

0.5 min max. 

Phase sensitive, 180 deg 
| in 8 sec. 


Accuracy 
Sensitivity 
Slewing speed 


Input volt- 115 volts, single phase, 
ages | 400 cycles, 23 va max. 


Size Standard half-rack panel 
mounting: 134914410 
in. 


Control 
x tronsformer Servo motor 
~~ damping 
generator 


Output 
indicator 


7 kmplifier 
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Thus, the control transformer can be 
replaced by a high-impedance control 
transformer, a resolver or a potentiome- 
tric device [Fig. 4(a)], since any of 
these elements can be used as feedback 
elements. By installing a switch on the 
front panel of the PAI and connecting 
an auxiliary component into the gear- 
ing, the instrument can be used for two 
different purposes and be switched be- 
tween them [Fig. 4(b)]. And finally, 
if it is desirable to relay the position 
of the PAI elsewhere, an auxiliary con- 
trol transmitter can be used in addi- 
tion to the control transformer, as 
shown in Fig. 4(c). It should also be 
noted that, by putting these two com- 
ponents together, the PAI can be used 
as a servoed impedance-matching sys- 
tem. For example, a low-impedance con- 
trol transformer can be used to match 
the component being monitored, and 
can be connected through the gearing 
to a high-impedance control transmitter. 
Thus, the system has been effectively 
changed from a low to a high-imped- 
ance one. 

By using either one or two feedback 
or forward-feed elements, a few ex- 
amples of which have been given above, 
thirty-five known variations of the PAI 
result. Table II shows eight of these. 
Still other modifications can be made: 
(a) small digitizers can be connected 
internally so that pulse information 
could be developed, and (b) the PAI 
could be adapted so that it responds 
to a two-speed input, or to a two-fre- 
quency input. 


Industrial Applications. The PAI can 
be used in applications where a remote 
readout indicator is required. For ex- 
ample, it could be connected to float 
transducers which operate a synchro or 
even to a moving table which is geared 
to a synchro. 

Other possible applications are: (1) 
monitoring the angular table position 
of a machine tool—as, for example, 
a horizontal boring mill or a large drill 
press; (2) using the PAI as a part of 
an alarm or automatic shut-off system; 
and (3) using the PAI as a shaft-posi- 
tion indicator in assembly-line tech- 
niques or in automatically programmed 
operations. 


Testing. While there are many uses to 
which the PAI can be put in control and 
production work, its variety of uses is 
particularly manifest in test applica- 
tions to navigational systems, radar plat- 
forms, oscilloscope-control devices, PPI 
presentations, analog computers, and 
other items ranging from subassemblies 
to complete systems. It can be con- 
veniently installed in test consoles. 
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Potentiometric 
device 


Sekt GeO 


Amplifier 


' 
Servomotor | 
' 


Servomotor ! 


mn 


4 
4 
4 


wf Readout | 


Auxiliary 
control 
transmitter 


Table ll—Eight Variations of the PAI 


Objective 
General testing or monitoring of 
low-impedance CX* (alone or 
in computer, gyro, process 
control system, etc.) 
For greater resolution 


CX 


CX 
Read out trigonometric informa- 
tion 
Monitor varying a-c voltage 
Change servo impedance 
CX 
Dynamic impedance-matching 
device 
Change polar to rectilinear 
coordinates 
Develop phase-shift information 
from CX position 


CX 


CX 


* Control transmitter. 
T Contro] transformer. 


In addition to using the PAI as a 
position indicator, it can also be used 
to indicate the actual position of a 
computer, its positional error, or both. 
In this application, if there is a servo 
inside the computer under test, the PAI 
can be switched from reading the abso- 
lute position of the computing servo 
to the dynamic lag of that same servo. 
This can be done with any servo that 


Input 


Low-impedance 


High-impedance 
Resolver 


Potentiometer 
| Low-impedance 


| Low-impedance 


CX or poten- 
tiometer 


ae ey. 


‘ Low- 
impedance 
control 
transformer 


Servomotor 
Amplifier 


| 
| 


High- | 
impedance | 
control 


Fig. 4—Variations of the PAI: (a) using 
a potentiometric device in place of the 
control transformer; (b) using a switch- 
ing arrangement so that the PAI can be 
used for low- or high-impedance applica- 
tions; and (c) using control transformer 
and control transmitter so that position 
information can be relayed. 


Forward feed 
element 
(auxiliary 
component) 


Feedback 
element 


Low-impedance 


CTT 


High-impedance 
CT 


Resolver 


Potentiometer — 
Low-impe jance | High-impedance 
, ey cx 
| Low-impedance | High-impedance 
pO Cx 
CT or poten- Resolver 
tiometer 
Cr Resolver phase- 
| shifter 


has a longer time constant than that of 
the PAI. This test setup is diagrammed 
in Fig. 5. 

When continuous testing is to be 
done—as, for example, in flight test 
evaluation—it is useful to photograph 
the results as they are displayed on the 
PAI. Furthermore, if test information 
does not change rapidly, an auxiliary 
forward feed in the PAI can be pro- 
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Motor - controlled 
control transmitter 
(input) Computer 
under test Fig. 5—The PAI used to 
indicate actual position, 
error, or dynamic lag of 


a servo. 
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ise angie ind 


Precise angle indicator 


<-“¢ 


Fig. 6—The PAI used as a nulling device 
for aligning a missile aboard ship. First 
the ship is aligned by comparing the output 
of the ship’s position control transmitter 
with a reference standard. The procedure 
is then repeated for the missile. 





vided to drive a pen recorder, remote 
indicator, or other equipment. 

Figure 6 illustrates the use of the 
PAI in alignment of missiles aboard 
ship. Here the PAI was used as a null 
device for comparing a reference stand- 
ard with the related position-heading 
synchro transmitters in the missile and 
mother ship. This method would work 
equally well with submarines. 


Accuracy. When the PAI is used as 
a standard positioning servo indicator, 
its accuracy is plus or minus six minutes 
of arc. This accuracy is obtained from 
the sum of five minutes of synchro 
error afid about one minute of error 
due to the rest of the servo-system. 
However, both the repeatability and 
resolution of the PAI are one minute 
of arc. Thus, if the control or test func- 
tion can be set up in such a manner 
that the repeatability of the unit can 
be used, the resulting accuracy is that 


network 


Computer 
under test 


of the repeatability (one minute of 
arc). 

As an example of this, consider the 
testing of a computer system which 
is known to have a particular perform- 
ance that is simulated by means of a 
network of ultra-precision resistors. This 
network is connected to the PAI and 
drives the readout to some value. The 


Fig. 7—Measuring to an accuracy of one 
minute with a six-minute-aceuracy instru- 
ment. 


PAI is then switched to the computer 
under test. If the resulting readout 
value differs from the value measured 
with the network by more than one 
minute plus network tolerance, then it 
is the computer which is in error, 
since the PAI yields a one-minute error 
in this application. A schematic of such 
a setup is shown in Fig. 7. O00 


Solid-State Sequence Timer Provides Appliance Control 


ROBERT M. MURPHY 
Assistant Chief Engineer 
Matrory Timers Company 
Warsaw, N. Y. 
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REPLACEMENT of all mechanical se- 
quence-control components by solid- 
state circuitry in an otherwise conven- 
tional washing machine has resulted 


through use of control techniques 
formerly limited to military applica- 
tions. Principles used in this experi- 
mental washer are applicable to a 
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DC OUTPUT 
RANGE 
MODEL \VOLTS | AMPS 


PR15-10M |0-15 | 0- 7 sois0 


‘TPR 38-5M 


PR 80-2.5M_| 0- 
PR155-1M | 0-1 
TPR 310-0.6M| 0310 
PR 15-30M | 0-15 : a 

0-38 %e 
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0-155 reer tis 
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REGULATION: 


LINE: +1% for 115+10v ac line change at any 
output voltage within specified range. 
LOAD — at maximum output voltage: 


PR 155-4M 


PR 310-2M 


Less than 2% output voltage change for 50-100% 


load change (3% for PR 15-10M and PR 15-30M). 


Less than 4% output voltage change for 25-100% 


load change (6% fcy PR 15-10M and PR 15-30M). 


(See Graph below for typical load characteristics) 


TILIIIItIItIIITTTI LLL 
pai Sadak Malad 
| Staten bal R Rte tak lak al 
HCE | 
LB cAicdiishihcslieidin shin bedi da Adenbodstotbihia 
[ate 

ae ape = 


8 


aw 

ar 

Typical Loading Characteristics 

Ps MODEL PR 155-4 

» TAKEN UNDER FOLLOWING CONDITIONS: 

a 1. LINE VOLTAGE EQUALS 115 RMS. rr 
Pn 2. VOLTAGE CONTROL SET TO MAXIMUM Pera 
Pt RATED VOLTAGE 
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OUTPUT (VOLTS) 


LOAD (AMPS) 


NEW 32 PAGE POWER SUPPLY CATALOG! 


Featuring: 


@ 11 Kepco design groups including new “SM”, “HB”, 


and “PR” models. 


@ Separate listing and description of programmable 


current/voltage regulated models. 


@ Special nomograph of voltage drop vs. wire size and 


supply current. 

@ Dual index to all models: 
by DESIGN GROUP (inside front cover) ; 
~d OUTPUT VOLTAGE (inside rear cover). 


hae ee el ci, 
~~ 


ga: > 131-34 SANFORD AVENUE + FLUSHING 52, N. Y. 


Model PR 15-30M 


PR GROUP FEATURES: 


“FLUX-O-TRAN” 
CONSTANT VOLTAGE TRANSFORMER: 
Delivers regulated square-wave voltage to rectifier, 


improving rectifier utilization, and reducing output . 
ripple. 

ADJUSTABLE WIDE-RANGE OUTPUT: 
Continuously variable voltage control permits out 


put settings from 0 to maximum rating. 


OVERLOAD PROTECTION: 


Special “Flux-O-Tran” transformer and DC overload 
circuit breaker allow output to be shorted without 
damage to unit. Ideal for lighting lamps and charg- 
ing capacitive loads. 

SILICON RECTIFIERS: 

Reliable, efficient, full-wave rectification. 
CAPACITIVE FILTERING: 

Provides excellent ripple reduction and minimizes 
transient response characteristics. 

NO VOLTAGE OVERSHOOT: 

No output voltage overshoot from turn-on, turn-off 


or power failure. 
a STATE 


ae 


IN 1-7000 - TWX # NY 4-5196_ 
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variety of appliances requiring time- 
sequence control, or those which re- 
quire that the control system be moni- 
tored and/or adjusted by feedback de- 
vices. 

Basic solid-state elements of this 
washer-control system are a 2-min elec- 
tronic clock, 14 flip-flop and emitter- 
follower stages, one monostable flip- 
flop, four solid-state solenoid-driving 
stages, a power supply, and cycle-length 
selector switches—only the latter item 
being mechanical. 

Output of the electronic clock is a 
positive pulse every 2 min. This pulse 
is applied to all 14 flip-flops simultane- 
ously, turning them to an OFF condition 
if any are ON. 

When the pulse turns any particular 
flip-flop OFF, one transistor becomes 
non-conducting and the second con- 
ducts. If this flip-flop is on, as the 
first transistor is cut off by the clock 
pulse, a negative pulse is coupled from 
the transistor collector and is sufficient 
to turn a neighboring flip-flop on. In 
a flip-flop which is oN, conduction of 
the first transistor drives an emitter- 
follower stage. This stage supplies a 
continuous output as long as the first 
transistor conducts. The continuous out- 


Power 
supply 


tli voits © To all 
-Il volts O 


flip-flops 


Fig. 2—‘“Regular” 
time-cycle chart for 
sequence of timer 
operations. “Long” 
cycle adds 4 min 
to agitation time; 
“short” cycle re- 
duces both agita- 
tion and rinse times 
by 4 min; “soak” 
cycle shuts washer 
off after 4-min fill, 
2-min agitation. 


Wosh solensid 
(rinse) 


put is introduced to a solenoid-driving 
stage, in turn operating one of the de- 
sired washer-control solenoids. 

Main portions of the static program- 
mer, which is not commercially avail- 
able, are illustrated in Fig. 1. Operat- 
ing the “wash” switch latches the power 
supply a-c input relays, starts the 2- 
min electronic timer, and delivers a 
positive pulse to the input of flip-flop 
1. Flip-flop 1 is turned on by this pulse 
and its associated emitter-follower is 
driven ON. Emitter-follower output, in 
turn, operates the hot solenoid driver, 
which energizes the appropriate water- 
control solenoid for as long as flip-flop 
1 is ON. 

After two minutes, a pulse from the 
electronic clock turns all flip-flops orr. 
Since only flip-flop 1 was on, in being 
turned OFF it applies a negative pulse 
to flip-flop 2, turning it on. Flip-flop 
2 now operates the hot solenoid driver 
for another 2-min, and so on. 

Shut-down of the appliance is 
achieved by flip-flop 15, which alone is 
monostable. When this stage is actu- 
ated by an input pulse, usually derived 
from flip-flop 14, it turns on for ap- 
proximately 0.2 sec and then reverts 
to OFF; ON time is sufficient to energize 
the unlatch relay coil momentarily, dis- 


Cycle-length 


“Long” "Reg" 


+11 volts 
Mes. 


To oll 
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connecting the appliance a-c input 
power. 

One or more flip-flop stages may be 
bypassed by means of “cycle-length” 
selector switches. As they are set in 
Fig. 1, they bypass flip-flop 4 (repre- 
senting two minutes of the “agitate” 
cycle) to provide a total cycle time of 
26 min instead of the “long” cycle of 
28 min. A time-cycle chart for the 
26-min “regular” cycle is shown in 
Fig. 2. 

A manual advance feature, not shown 
in Fig. 1, has been incorporated in 
this experimental model. “Manual ad- 
vance” pulses the flip-flop stages, over- 
riding the electronic clock. This gives 
the operator optional control over and 
beyond that available through the pro- 
gramming switches. 

Introduction of such clock-overriding 
pulses, independent of time, suggests 
the use of information feedback from 
the appliance to the control, resulting 
in a truly automatic sequence of opera- 
tions. For example, a liquid-level sen- 
sor could control “fill” time; a deter- 
gent-concentration detector might con- 
trol the quantity of detergent added as 
well as rinse-cycle length; and a humid- 
ity sensor could govern “spin” time. 

O00 


+!{ volts It : 


Spin 


*Spin® 
solenoid 
driver 


"Agitate” 
solenoid 
driver 


“Hot” "Hot®,"Warm","Cold" "Cold" 
soienoid temperature selection | solenoid 
driver driver 


Fig. 1—Simplified diagram of all-transistor appliance timer as applied to an otherwise conventional washing machine. Solid-state 
components required are a power supply, clock, 14 flip-flops, one monostable flip-flop, four power amplifiers for solenoid opera- 
tion, and associated diode-gating circuits. 
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new 
additions 
to the 


TYPE 2N768 
o 


Micro-energy switch—designed for low current, low volt- 
age, high speed applications 


10 me pulse rates, collector currents as low as 1 ma, 
collector supply voltages as low as 1 volt 


No reduction in switching speed, as with ordinary low cur- 
rent, lowvoitage devices. Permits higher density packaging 


Typical DC beta of 40 @ Vce = —0.20 v, le = —2 ma 


TYPE 2N769 


World's fastest switch—will operate reliably at speeds in 
excess of 100 mc 


Gain bandwidth product (f;) typically 900 mc 


Low capacitance, low saturation voltage, high beta—ideal 
for low-level, high-frequency logic circuits 


Extremely low hole storage factor (K’;) typically 18 nsec 


TYPE 2N779A 
* 


Manufactured with tighter parameter control than any 
other transistor in the industry 


Designed to meet rigid specifications of 16 electrical 
characteristics—ideal for NOR logic and other super- 
critical applications 


Low saturation voltage—typically 0.09 volts 


Higher in performance, lower in price than mesa tran- 
sistors with lesser specifications 


SPRAGUE MADT™ transistor line! 


High-speed switching transistors in TO-18 
cases are now being mass-produced by Sprague. 
These hermetically-sealed germanium Micro- 
Alloy Diffused-base Transistors are made by a 
controlled-etch process to insure extreme uni- 
formity. Maximum frequency capabilities have 
been improved by graded-base construction. 
Automated manufacturing techniques have 
brought about increased production efficiency, 
permitting favorable reductions in prices. This 
is why Sprague MADT Transistors can offer you 
greater performance per dollar than other high- 
speed devices in low-current switching circuits. 


*Trademark of Philco Corporation 


SPRAGUE COMPONENTS 


INTERFERENCE FILTERS 
PULSE TRANSFORMERS 
PIEZOELECTRIC CERAMICS 
PULSE-FORMING NETWORKS 


TRANSISTORS 
CAPACITORS 

RESISTORS 

MAGNETIC COMPONENTS 
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Other Sprague Micro-Alloy Diffused-Base Transistors 


APPLICATION 


Ultra High Speed Switch 
(Storage Temperature, 85 C) 

Ultra High Speed Switch 
staal (Storage Temperature, 100 C) 


ya bi High Gain IF Amplifier 


2N588 Oscillator, Amplifier, to 50 mc 


2N499 


2N501 


For complete engineering information on the types in 
which you are interested, write Technical Literature 
Section, Sprague Electric Company, 307 Marshall Street, 
North Adams, Massachusetts. 


SPRAGUE 


THE MARK OF RELIABILITY 


HIGH TEMPERATURE MAGNET WIRE 
CERAMIC-BASE PRINTED NETWORKS 
PACKAGED COMPONENT ASSEMBLIES 
FUNCTIONAL DIGITAL CIRCUITS 


‘Sprague’ and "@" are registered trademarks of the Sprague Electric'Co. 
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Meter Has Ceramic Magnet and Printed Circuit Coil 


“ 
Printed-circuit 


coil and pointer 


‘Ceramic magnet 


Fig. 1—Front and side views of move- 
ment for 14-in.thick meter. Ring-shaped 
ceramic magnet uses electrical steel front 
and back plates to direct lines of flux 
through the printed-circuit coil which 
lies between them. 


RELATIVELY Low residual flux density 
is a characteristic of ceramic perman- 
ent magnets, which might be thought 
to render the material unsuitable for 
use in sensitive panel meters. Sensi- 
tivity comparable to that of common 
panel instruments can be attained by 
using a printed-circuit coil in conjunc- 
tion with a thin ceramic-ring magnet. 

A meter of this construction, manu- 
factured by Parker Electrical Instru- 
ment Corp. and marketed by Interlab 
Inc., mounts by its terminals and ex- 
tends only 1% in. in front of the panel 
on which it is mounted. 

Figures 1 and 2 illustrate the move- 
ment of the 3%4-in. diam meter. Full 
specifications of the surface-mounted 
panel meter were given in “New Com- 


Fig. 2—Drawing of printed-circuit coil 
of Parker panel meter. Convolutions of 
conductor are continued on opposite face. 
Nylon-bristle pointer is cemented to lami- 
nate. Bristle resiliency prevents damage 
if it strikes limit stops forcibly. Large 
surface area of conductors provides a 
heat-dissipation capability which, with 
pointer resiliency, results in movement 
accuracy said to be unaffected by an 
electrical overload of 10,000 per cent 
indefinitely (50,000 per cent for Il-ma 
movement). 


ponents and Materials,” ELEecTRIcAL 
MANUFACTURING, p 220, July 1960. 


Source: Interlab Inc., 116 Kraft Avenue, 
Bronxville, New York. Ooo 


Magnetic Repulsion Bearings for Watt-Hour Meters 


THOMAS D. BARNES 

Meter Department 

WestINGHOUSE ELectric CORPORATION 
Raleigh, North Carolina 


Demagnetization 
and recoil loops 
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WITH THE DEVELOPMENT of the mag- 
netic material barium ferrite, the means 
became available for design of a mag- 
netic bearing that would meet the re- 
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Fig. 1—Magnetic properties of barium ferrite compared to 


other materials. 
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quirements of watt-hour meters. This 
material has exceptionally high sta- 
bility, resulting from its coercive force 
of around 1800 oersteds—two to three 


Guide pin 


Graphite journal 


Rotating disk 


Graphite journal 


Barium ferrite magnets 
in repulsion 


Fig. 2—Magnetic bearing and shaft assembly for Westinghouse 


Type D2 watt-hour meter. 
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having rare longevity 


This small, 4-pole relay has the happy faculty of maintaining its original operating 
tolerances over an exceptionally long life. Example: tests (by customers!) show this 
relay has variations in electrical characteristics of less than 5% after more than 100 
million operations. 

But that's far from all. This is a sma// relay . . . about a one inch cube. This relay 
is easy to install using the conveniently spaced solder lugs or a socket. Thus you 
save time and production costs. This relay is versatile .. . its 4PDT contacts will 
switch loads from dry circuit up to 3 amperes. This relay—well, why not order samples 
and see for yourself! Order today from your P&B representative or call us at Fulton 
5-5251, in Princeton, Indiana. 


\/16" HIGH NUMERALS -RAISED 005 APPROX 


t one = 2 mon 


®3-48NC-2A 
THREAD 


KHP SERIES SPECIFICATIONS 
CONTACTS: 
Arrangement: 4 Form C, 2 Form Z. 


Material: %” dia. Silver standard. Silver cad- 
mium oxide and gold alloy availabie. 


Rating: 3 amps @ 30 volts DC or 115 volts AC 
resistive for 100,000 operations. 


COILS: 

Resistance: 11,000 ohms max. 

Temperature: Operating Ambient: —45°C. to 
+70°C. 


Power: 0.5 watts min operate @ 25°C. 0.9 
watts nom. @ 25°C. 2.0 watts max. @ 25°C. 


TIMING VALUES: 
Nominal Voltage @ 25°C. Max. Valves 
Pull-in time 15 ms 
Drop-out time 5 ms 
INSULATION RESISTANCE: 1500 megohms min. 

DIELECTRIC STRENGTH: 

500 Volts RMS 60 cycles between contacts. 

1000 Volts RMS 60 cycles between other elements. 

MECH. LIFE: In excess of 100 million cycles. 

SOCKET: Solder lug or printed circuit terminals. 
Available as accessory. 

DUST COVER: Standard. 

TERMINALS: Solder luq nad taper tab. 


KHP SERIES RELAY NOW AVAILABLE AT YOUR LOCAL ELECTRONIC: PARTS DISTRIBUTOR 


ae ee POTTER & BRUMFIELD 


DIVISION OF AMERICAN. MACHINE & FOUNDRY COMPANY @ PRINCETON, 


INDIANA 


IN CANADA: POTTER & BRUMFIELD, DIVISION OF AMF CANADA LIMITED, GUELPH, ONTARIO 
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times that of the high-energy alnico 
materials. It is the only known ma- 
terial that requires no normalizing to 
provide magnetic stability and thus can 
be used at maximum residual induction 
for most applications. 

As shown by curve (a) in Fig. 1, 
barium ferrite essentially has no minor 
hysteresis loop, as the residual induc- 
tion (B,) remains virtually constant 
even after being completely demagne- 
tized temporarily with a coercive force 
equivalent to its inherent value of 1800 
oersteds. The solid line indicates the 
original induction curve, the dotted line 
that of the flux return after the 1800- 
oersted demagnetization. The excep- 
tional stability of barium ferrite mag- 
nets is evidenced by the fact that mag- 
netic fields of 20,000 amp-turns/in. are 
required for magnetization. All other 
magnetic materials, such as the alnicos 
of curve (c), require an initial weak- 
ening or normalizing to provide minor 
hysteresis loops [curves (c,) and (c,)] 
for full reversibility. Complementing 


these properties, barium ferrite, as a 
ceramic magnet, also has very high re- 
sistivity and low density, which make 
it particularly adaptable to rotating 
systems such as are used in watt-hour 
meters. 

The Westinghouse watt-hour meter 
magnetic bearing employs two small, 
ring-shaped magnets of barium ferrite 
mounted in steel flux-return cups and 
magnetized to oppose each other. One 
of these is mounted in the lower bear- 
ing mount, the other on the bottom of 
the rotor shaft, as shown schematically 
in Fig. 2. The magnets are die-cast 
integrally in precision-machined steel 
cups which are assembled to close toler- 
ances for maximum concentricity and 
uniformity. When assembled, magnetic 
efficiency is quite high due to the small 
working gaps and negligible flux leak- 
age (as indicated schematically in Fig. 
2, lower left). This accounts in part 
for the vertical support “stiffness” of 
the system, and also for its independ- 
ence from external fields. Magnet 
separation is approximately 0.020 in. 

Primarily because of its extreme in- 
herent stability, this Westinghouse 
“Magnethrust” bearing cannot be de- 
magnetized by strong surge fields. In 
fact, the high-energy alnico magnets 
used for damping would be weakened 
before those of the bearing system. 

As illustrated in Fig. 2, guide bear- 


Optimizing Control Balances Bridge Network 


R. W. WENDT, Jr., Manager 
Volume Manufacturing Development 
Semiconductor Department 
WestincHouse Exectric Corporation 
Youngwood, Pennsylvania 


AN OPTIMIZING CONTROL SYSTEM (one 
form of adaptive control) is generally 
considered to be a system which can 
control a process in which parameters 
are either unknown, vary unpredict- 
ably, or interact in ways too compli- 
cated to handle directly. (1)* 

In this practical example, optimizing 
control (OPCON) is used to balance 
an a-c bridge, a process which is simple 
but vital and which contains non-trivial 
situations. The process has only one 
output (the bridge error voltage). The 
output can be measured with high ac- 
curacy and is dependent on the values 
of only two manipulated variables, 
which interact in a complicated way in 
affecting the output. These are the 
principle characteristics of the process 
which make it adaptable to optimizing 
control. Although the complete be- 
havior of an a-c bridge network can 
be calculated, the OPCON approach is 
very effective as a bridge balancer and 


* Italic numerals in parentheses refer to Cited Refer- 
ences at end of article. 
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has actually been used as such in an 
automatic production testing facility. 
A bridge network must be balanced 
for both the resistive and the reactive 
components of the unknown impedance. 
This requires that two adjustments be 
made. When an a-c bridge is balanced 
manually, the achieving of a balance 
is made difficult by the fact that chang- 


Operation 
sequence control 


Step size oR Step 
control sign 


Dissipation 


Capacitance 
register 
J 


ings to restrain driving torque side- 
thrusts are used at both ends of the 
rotor system. Each of these consists 
of highly polished, flexible 0.019-in.- 
high chrome steel pins in the mounts 
and high-purity bearing-graphite jour- 
nals in the rotor shaft. 

The system is designed for minimum 
vibration and bearing pressures to as- 
sure quiet operation and maintenance- 
free bearing life of at least 30 yr. 

The barium ferrite magnet is a form 
of ceramic, and therefore has the 
characteristics of being nonmetallic, 
inorganic and nonconducting. It is 
manufactured by sintering at high 
temperatures. Because of their oxide 
nature, such magnets are particularly 
corrosion resistant and chemically 
stable. 

Coupled with the new bearing itself 
are other features making for long ac- 
curacy life in the new Type D2 meter. 
Maximum corrosion protection is ob- 
tained by such features as die-cast 
aluminum frames finished with the 
specially developed epoxy-base Epodur 
enamel and a single metal system 
register and cover rim, both further 
protected by a highly corrosion-resistant 
chromate conversion coating. The poly- 
ester insulations are extremely stable, 
with negligible “throw-out” or deteri- 
oration, even at extreme temperatures 
and environments. Ooo 


ing one adjustment has an effect on the 
balance previously achieved with the 
other adjustment. The process of bal- 
ancing is then one of going from one 
adjustment to the other, continually 
seeking to find the proper combination. 
(The process is termed “converging” 
on the balance point.) (2) 

The accompanying block diagram of 


5 


Success- 
failure 
discriminator 


Bridge-unbalance 
detector 


Range-set 


element 


| 
| 
| 
| 
| 
| 
| 
| 
register | 
| 
| 
| 
| 
| 
| 
| 


Block diagram of automatic a-c bridge balancer. 
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MACALLEN BUILT-UP MICA... BETTER BECAUSE OF MACALLEN 


Processing 


AS PERFECT AN ELECTRICAL INSULATOR as 
it is, natural mica does not lend itself to 


many applications. But when built-up 
the Macallen way, all the many desir- 
able properties of natural mica become 
readily available in almost any form or 
size—suitable for almost any punching, 
sawing, drilling or molding operation. 


Find out how the many advantages of 
Macallen built-up mica can solve your 
insulating problems. Call or write for 
Catalog 25. No charge or obligation. 


It was at the turn of the cen- Macallen Built-Up Mica 
tury that the Macallen Com- makes better insulation be- 
pany was first launched. And cause mica 

in the intervening 60 years, ¥ ; ; ‘ 

Macallen has developed the has high dielectric strength 
manufacturing skill, special © is chemically inert 
equipment and _ technical 
knowledge that has made is unaffected by water, sol- 
Macallen Mica a standard of vents, nearly all acids and 
quality throughout the entire alkalies 

electrical industry. will not burn 


The first name in mica 
For the most in mica — specify Macallen ... Nak exceh thane edd 


THE MACALLEN COMPANY 
Bay Road * Newmarket * N.H. 
Chicago: 565 W. Washington Blvd. Cleveland : 1231 Superior Avenue, N.E. 
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the OPCON bridge shows that the sys- 
tem is divided into three sections. Sec- 
tion 1 is a Wien bridge, in which the 
two adjustments are a variable cpaci- 
tance and a variable resistance. One 
adjustment is calibrated to read the 
capacitance and the other the dissipa- 
tion factor (which is equivalent to 
power factor) of the unknown. The 
variable elements are actually tapped 
components with variability achieved 
by switching by means of mercury- 
wetted relays. This arrangement is 
used to achieve better stability in the 
operation of the control and also to 
get better reliability. 

Section 2 (see diagram) contains 
the logic circuits which determine a 
course of action in view of the results 
of a previous action. These circuits 
operate on a system of strategy which 
may be summarized as follows: From 
some arbitrary set of conditions called 
a base point, make an arbitrary change 
in one balance control. If this results 
in a reduction in bridge error, make 
the new set of conditions the base point 
and try the same direction of change 
again. If the first change does not re- 
duce the error, try a change in the 
opposite direction. If there is still no 


limprovement, reduce the step size and 
try in the original direction. If no 
improvement results, reduce the step 
size again and try in the opposite di- 
rection. If no improvement has re- 
sulted, go back to the largest step size 
and try the other balance control, fol- 
lowing the same procedure. It is essen- 
tial that the base point be returned 
to after a failure since there is other- 
wise no assurance of reaching a null. 
NOR logic elements are used exclu- 
sively in these circuits. 

In Section 3 of the balancer is the 
error detector and the means for dis- 
criminating between successes and 
failures. The latter circuit must be able 
to tell whether a trial adjustment of 
one of the balance controls has reduced 
the error, increased it, or had no effect. 
Because of the system of logic used, it 
is necessary to be able to store infor- 
mation about the error voltage through 
a number of unsuccessful trials, com- 
paring it with the results of each trial 
and eventually replacing it immediately 
with a new set of information when an 
improvement has been obtained. This 
is accomplished by converting the error 
voltage into a time interval and stor- 
ing this time interval in a recirculat- 
ing delay line as the space between 
two pulses. The first of these pulses 
becomes a synchronizing pulse which, 
when it passes an index position in 
the delay line, starts a ramp waveform 
with which the rectified error voltage 
is compared. When the value of the 


Flexible-Ratio Gear Boxes 


ule—5:1, 10:1, 20:1 and 25:1—when 


STACKING MODULAR GEAR BOXES (Fig. 
1) ratio-to-ratio provides a wide range 
of reductions, although each module is 
available in only four different ratios. 

Each module (Fig. 2) accepts the 
output pinion of another module as its 
input. The four types of reducer mod- 


Fig. 1 — Modular speed reducers can be 
used singly to provide ratios as low as 
5:1, or three may be stacked as shown to 
provide ratios up to 15,625:1. Several 
standard Bureau of Ordnance servo- 
motors may be mounted without adaptors 
directly on the reducers. 


combined by fastening modules to- 
gether, give the ratios shown in the ac- 
companying table. 

Lightweight (41% oz) speed reducer 
can be mounted on and supported by 
a servomotor. It is coupled directly to 


Fig. 2—Single-speed reducer module is 
supplied in any one of four standard 
ratios. The near side of this module ac- 
cepts a splined shaft from a servomotor 
or another reducer; the far side has a 
splined output shaft. 


steadily increasing ramp is equal to 
the value of the error being measured, 
a second pulse is formed. If the pulse 
occurs sooner than the pulse which was 
formed when the original error was 
stored, an improvement is indicated. 
This new pulse is then stored in the 
delay line. If the original pulse is the 
first to occur, it is re-inserted in the 
delay line. 

The OPCON bridge balancer makes 
one trial every 236 millisec and re- 
quires, on the average, about 16 steps 
to achieve a satisfactory null which 
gives indications of capacitance within 
1 per cent. When the system finds that 
it is unable to secure any improvement 
by one full cycle of trials with each 
variable, it stops and signals a reject. 

O00 
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any one of five standard Bureau of 
Ordnance servomotors, while special 
adaptors may be used for other motors. 

Required input pinion is a 15-tooth, 
96-pitch, 20-deg pressure-angle spur 
gear. Rated load is 50 oz-in. except for 
the 5:1 reducer used alone, which is 
30 oz-in. 

Source: K. H. Chapple, Link Division, 
General Precision, Inc., Binghamton, New 
York. OOO 


Combinations of Four Speed-Reducer 
Ratios 


Two-reducer combinations 





= 50 
= 100 
125 
25 X 25 = 625 


Three-reducer combinations 


5X10 X20=1000 | 10X20 25 =5000 

5X10 X25 =1250 | 10X25 25 =6250 4 
5 X20 X 20 = 2000 | 20 X20 X20 =8000 |} 
5X20 X25 =2500 | 20X20 X25 = 10,000 
5X25 X25 =3125 | 20X25 X25 =12,500 


10 X20 X20 = 4000 25 X25 X25 = 15,625 
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TRANSISTOR / DIODE MULTIPLES FROM FAIRCHILD 


Multiple PLANAR transistor and/or diode dice are packaged in a single TO-5-or TO-18-sized header 
with common or isolated electrical connections for a variety of circuit functions. PLANAR Multiples 
offer these advantages: ideal thermal matching, significant space reductions (up to 80%), fewer exter- 
nal soldered connections, reduced component- and circuit-assembly costs, superior device reliability. 


PLANAR makes it possible 


Fairchild’s PLANAR process provides the uniformity, parameter stability and {high yield to make “mul- 
tiples” economically and operationally practical. 


The Products 


PLANAR Multiples can be produced in many device configurations. Some of the production units now 
available include: 


CHOPPER (FSP-1) DARLINGTON AMPLIFIER PHOTO-TRANSISTOR (FSP-5) LOW-LEVEL LOGIC (FSP-14) 
heg 35 at 100 microamps (FSP-4) Extremely low drift High speed logic at 
hee 2000 minimum @ 150 mA Ce low power levels 


E 


Ee 
COMPLEMENTARY AMPLIFIER AMPLIFIER MODULE (FSP-17) TAB MOUNT TYPE II (FSP-42) 
(FSP-15) High voltage low drift Gold clad moly tab 
2N1613 and 2N1132 amplifier varnish coated 


Special Products Handbook available on request. 


MATCHED PERFORMANCE/REDUCED . 
SPACE /IMPROVED RELIABILITY 


545 WHISMAN ROAD, MOUNTAIN VIEW, CALIF. YORKSHIRE 8-8161-TWX: MN VW CAL 853 


A wholly owned subsidiary of Fairchild Camera and Instrument Corporation 


FSP-60 Triple Darlington 

High Gain Low Noise Amplifier 
TO-5 size header 

3 - 2N1613 Planar Transistors 
heg typical = 100,000 
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Variable-Resistance Transducer 


HAROLD ESKIN, Product Specialist 
Ececrric Recucatror Corp. 
Norwalk, Conn. 


High sensitivity and high output are 
combined with low cost and simplicity 
in the “Regohm” transducer, an electro- 
mechanical device able to control high 
power levels in response to small me- 
chanical displacements. 

Operating principles of the “Reg- 
ohm” are best explained by referring 
to Figs. 1 and 2. Mechanical motion of 
the actuator is transferred to a lift bar 
with a tapered edge. Due to this tapered 
edge, when the lift bar is at the limit 
of its upward travel (all contacts 
closed), no contact fingers are de- 
pressed; but as the lift bar is lowered, 
it depresses one contact finger after 
the other, until all are depressed (all 
contacts open). 

As the “Regohm” contacts are opened 
or closed, they shunt or insert external 
resistors in the controlled circuit. In 
this simple way, actuator motion results 
in stepped resistance changes. 

A dither coil (Fig. 2) removes any 
trace of a stepped resistance change 
by imparting a slight 120-cps movement 
to the lift bar. The net result is an 
averaging of resistance values between 


two or more fingers, and essentially 
stepless control. 

A 0.120-in. motion of the external 
linkage-rod end of the actuator pro- 
duces full-scale resistance deviation 
with a linearity of +2%% per cent with- 
in the “best fit” straight line for linear 
taper. Although 70 gm are required to 
hold the actuator in any position, a 
force change of less than 1 gm pro- 
duces a resistance change in the out- 
put. Where extremely small input forces 
are necessary, required force for actua- 
tion from “end-to-end” can be estab- 
lished at 5 gm or less. This is done by 
the addition of permanent-magnet bias 
on the actuator level. Up to 0.25 kw 
can be controlled; for most applications 
there is no need for external amplifica- 
tion. 

Expected life for the transducer 
varies with the electrical load handled 
by the contact fingers. The 10-finger 
model, with a load of up to 50 differen- 
tial watts, is rated for 50,000-hr life; 
20-finger models with loads of 120 
differential watts have the same rated 
life. 

Resistance vs position functions other 
than linear may be generated by selec- 
tion of the proper values for the ex- 


A-Stepped resistance change 


(no dither) 


Actuator position 


Contact fingers 


External resistors 


ternal resistors which are connected to 
the load fingers. If each fixed resistor 
is replaced by a rheostat, various func- 
tions may be generated for optimizing 
response in assorted applications. 

A linkage rod (Fig. 3) is provided 
and may be actuated by cams, levers, 
bellows, or tension of tape being trans- 
ferred between reels. 

Shifting to the output side of the 
electromechanical transducer, varia- 
tions in current flow through the par- 
alleled resistors can be used to control 
devices such as motors, heaters, con- 
tactors and relays, solenoids, and even 
magnetic amplifiers if very high power 
is to be handled. Ooo 


Fig. 3—“Regohm” transducer plugs into 
socket on end of cable leading to resistor 
chassis. Standard transducers are offered 
in values ranging from 15 to 25,000 ohms. 


B- Stepless 
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Fig. 1—Simplified operational diagram of “Regohm” electro- 
mechanical transducer. Motion of actuator operates contact 
fingers sequentially by means of a lift bar. Edge of lift bar, 
which operates contacts, is not parallel to plane of contact 
fingers. Contact fingers shunt progressively more resistance 
into controlled circuit as lift bar is raised. 
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Fig. 2—Adding dither coil to transducer produces stepless 
control throughout range of actuator travel. 
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LEXAN*® POLYCARBONATE RESIN 
GOOD DIELECTRIC—AND MUCH MORE! 


STABLE ELECTRICALS Binding posts 
made of LEXAN resin retain electricals 
even under moist, hot conditions. They do 
not loosen, are molded in six attractive 
LEXAN colors for coding. Other features 
are: low loss and power factor, low dielec- 
tric constant, high voltage insulation, 
non-sink surfaces. (Superior Electric) 


DIMENSIONAL STABILITY Card guide 
for business machines is molded to close 


tolerances . . . must undergo minimum 
change in dimensions during service. 
Parts show excellent dimensional stabil- 
ity under moist and high temperature 
conditions. LEXAN resin meets self- 
extinguishing requirement. (IBM) 


JULY 1961 


i 2 sods sf 
HEAT RESISTANCE Beautiful handles 
of LEXAN polycarbonate resin are used 
in rugged service on soldering irons. They 
resist the impact, heat and abrasion of 
daily bench work. The hard, glossy han- 
dies are light in weight. Molded in three 
pastel colors, they provide toughness 
and sales appeal. (Ungar Electric Tools) 


i a 
STRENGTH These coil forms can take 
temperatures above 200°F without 
deforming, despite stresses exerted by 
tightly wound wire. LEXAN resin is non- 
corrosive even when used with very fine 
Class F magnet wire. Coil forms have 
structural strength and stability... high 
oxidation resistance...stable electricals. 
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SELF-EXTINGUISHING The self- 
extinguishing characteristic of LEXAN 
resin (ASTM-D635) is just one of several 
indispensable properties in this unique 
connector. Other important features are 
high dielectric strength, dimensional sta- 
bility, moldability, good appearance, high 
impact strength. (Camblock Corp.) 


HIGH-PERFORMANCE DESIGNS 
START WITH LEXAN THERMOPLASTIC 


LEXAN resin is a stable and beauti- 
ful design material. It provides an 
outstanding variety of top qualities 
— from good electricals to the high- 
est impact strength of any plastic. 
It has excellent high-temperature 
properties, including a high heat 
distortion point under heavy loads. 
The material is naturally transpar- 
ent ... has often been likened to a 
transparent metal. In fact, it offers 
the production advantages of both 
thermoplastics and non-ferrous 
metals. Its other advantages are too 
numerous to describe here: we urge 
you to refer to G-E’s extensive 
literature on LEXAN resin. Send 
for details on price, properties, 
applications and G-E’s technical 
assistance program today! General 
Electric, Chemical Materials Depart- 
ment, Section ET-51,Pittsfield, Mass. 


LEXAN* 


Polycarbonate Resin 


GENERAL @® ELECTRIC 
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greater derating margin 


for higher reliability...at lower cost. 
than lower rated type 


Westinghouse 2N1015 and 2N1016 testeters— 
Circuits which use power transistors can be upgraded in 
reliability by changing to the Westinghouse 2N1015- 
2N1016 series. The low saturation resistance and high 
dissipation rating (150 watts) of these transistors mean 
cooler operation—more safety factor in service. In fact, 
the 2N1015-2N1016 series offers twice the derating 
margin you can get in competitive types. Their high 
voltage ratings—up to 200 volts V-e—also mean an end 
to series connections of lower rated types. Yet all this is 
yours at less cost than you are now paying. 

Inaddition tothese many circuitadvantages, the 2N1015- 
2N1016 transistors give you the reliability assurance of 





§ 


True Voltage Ratings verified by 100% Power Testing 
under full operating conditions. You also get the advan- 
tages of reduced inventory, and the convenience of 
single-source purchasing. Next time you buy transistors 
in the 2N1015-2N1016 family make sure they're 100% 
power tested. You can be sure... if it's Westinghouse. 
For complete information, write or call: Westinghouse 
Electric Corp., Semiconductor Dept., Youngwood, Penna. 


SC -1042 


Westinghouse 
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For “off the shelf” delivery, order from these Westinghouse Distributors: 


EASTERN 
ACK SEMICONDUCTOR. INC. 
Birmingham 5, Ala./FA 2-0588 
CAMERADIO Pittsburgh, Pa./EX 1-4000 
CRAMER ELECTRONICS, INC 
Boston, Mass./CO 7-4700 
ELECTRONIC WHOLESALERS, INC 
Melbourne, Florida/PA 3-1441 
GENERAL RADIO SUPPLY CO., INC 
Camden, N. J./WO 4-8560 
GENESEE RADIO PARTS CO 
Buffalo, N. Y./DE 9661 
KANN-ELLERT ELECTRONICS, INC 
Baltimore, Md./TU 9-4242 
MILGRAY ELECTRONICS 
New York, N. Y./RE 2-4400 
RADIO & ELECTRONIC PARTS CORP. 
Cleveland, Ohio/UT 1-6060 
SCHWEBER ELECTRONICS 
Long Island, N. Y./P1 6-6520 
Silver Spring, Md./JU 5-7023 


MIDWESTERN 


ELECTRONIC COMPONENTS FOR INDUSTRY CO 
St. Louis, Mo./WO 2-9917 


HALLMARK INSTRUMENTS CORP. 
Dallas, Texas/RI 7-8933 


INTER-STATE RADIO & SUPPLY CO. 
Denver 4, Colo./TA 5-8257 


LENERT CO. Houston, Texas/CA 4-2663 
RADIO DISTRIBUTING CO. Indianapolis, ind./ME 7-5571 


SEMICONDUCTOR SPECIALISTS, INC. 
Chicago, !11./NA 2-8860 


Detroit, Mich./BR 3-2900 
Cincinnati, Ohio/MA 1-6530 


S. STERLING CO. 
UNITED RADIO, INC. 


WESTERN 
ELMAR ELECTRONICS 


HAMILTON ELECTRO SALES 
Los Angeles, Calif_/BR 2-9154 


NEWARK ELECTRONICS CO. Inglewood, Calif./OR 4-8440 


Oakland, Calif./TE 4-3311 





ASSOCIATION Activities 


Papers Scheduled for 


Circuit-Packaging Symposium 


The Second International Electronic 
Circuit-Packaging Symposium, sched- 
uled for three full-day sessions from 
August 16-18 at the University of 
Colorado in Boulder, will deal with 
electronic-circuit-packaging problems of 
interest to research and development 
engineers engaged in manufacturing 
electrically or electronically operated 
equipment. The symposium is being 
held under the auspices of the Uni- 
versity, in cooperation with Electrical 
Design News. 

@ Papers scheduled for the morn- 
ing session of Wednesday, August 16, 
are: “Materials for Electronic Packag- 
ing,” D. A. Beck, Bendix Corp.; “Con- 
trolling the Mechanical Response of 
Printed-Circuit Boards,” R. P. Thorn, 
Lord Manufacturing; and “A Low 
Density Casting Resin,” A. J. Quant, 
Sandia Corp. The afternoon session will 
include “An Effective Use of Castings 
in a Light-Weight Electronic Package,” 
Harold Ferris, Bell Aircraft; “Heat 
Sinks and Encapsulants for Volumetric 
Packaging,” L. V. Gallacher, American 
Bosch Arma Corp.; “Potting Problems 
Related to Packaging Design,” B. A. 
Davis, Bendix Corp.; and “Packaging 
of Semiconductor Networks,” E. C. 
Singletary, Texas Instruments, Inc. 

@ On Thursday, August 17, partici- 
pants will hear “Thermal Packaging 
for Transient Operation,” J. G. Bartas, 
General Electric Co.; “Graph Theo- 
retic Formulation of Circuit-Card De- 
sign Problems,” U. R. Kodres, IBM 
Corp.; “Maintainable Electronic Com- 
ponent Assemblies,” Harry Wasiele, 
Jr., AMP, Inc.; “Electronic Packaging 
for 5000-g Survival,” W. F. Miller, 


Institute of Environmental 
Sciences Elects 1961 Officers 


Arthur B. Billet of Vickers, Inc., was 
elected president of the Institute of 
Environmental Sciences at the annual 
meeting on April 5, 1961, in Washing- 
ton, D. C. Other officers are Donald J. 
Fox, Fenwal, Inc., executive vice presi- 
dent; Mark Christensen, Wyle Labora- 
tories, fiscal vice president; Gerhard 
Doering, Columbia Research Labora- 
tories, local-chapter vice president; 
Herbert J. Saunders, Vapor Heating 
Corp., membership vice president; and 
John D. Campbell, Philco Corp., publi- 
cations vice president. Henry Sander 
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California Institute of Technology; and 
“Packaging of a Telemeter to With- 
stand Impulse Accelerations of 500,000 
g.” Raymond Young, Aro, Inc. The 
Thursday afternoon session will include 
“The Welded Wire Matrix: An Im- 
portant Step Beyond Printed Wiring,” 
T. A. Telfer, General Electric Co.; 
“Weld Improvement Study Indicates 
Future Electronic Packaging Applica- 
tions,” P. J. Gray and S. A. Francis, 
Sippican Corp.; “Automatic Packaging 
of Miniaturized Circuits,” R. L. Gamb- 
lin, M. Q. Jacobs and Cyril J. Tunis, 
IBM Corp.; and “Tllogical Packaging 
Design,” K. L. Jones and E. F. Uber, 
Lockheed Aircraft Corp. 

e@ On Friday, August 18, the audi- 
ence will hear and discuss “Radiation 
Effects Considerations in Design of 
Electronic Circuit Packages for Nu- 
clear-Powered Vehicles,” J. H. Levine, 
Convair; “Electronic Packaging for 
Oil-Well Logging,” L. M. Edwards, 
Pan Geo Atlas Corp; “Instrumentation 
Equipment for Polaris-Firing Sub- 
marines Installed in a Unique Modular 
Design,” A. H. Jones, Interstate Elec- 
tronics; “Miniaturized Positioners for 
Modular Packaging,” H. A. Brill, Radio 
Corp. of America; and “Development 
of Miniature and Micro-Miniaturized 
Electronic Packages,” W. J. Prise, 
Lockheed Aircraft Corp. In its closing 
session, the symposium will present 
“The Hidden Value: Packaging for 
Appearance,” J. R. Milligan, Convair; 
“Cruciform Packaging: A General Syn- 
thesis for Airborne Electronics,” J. C. 
Rubin, General Electric Co.; and “The 
Systems Approach to Packaging,” 
Henry Chrystie, consulting engineer. 


was appointed executive secretary and 
will maintain the national offices at 34 
So. Main St., Mt. Prospect, IIl. 


Insulation Conference to Stress 
National Progress 


The name of the 1962 Electrical Insula- 
tion conference has been changed to 
“Electrical Insulation Conference — 
Materials and Application.” Aiding and 
promoting more rapid engineering and 
scientific progress in the application of 
electrical insulation are still the goals 
of the conference, which will meet in 
Washington, D. C., February 18-22, 
1962. Technica] sessions wil! center on 


the theme “Greater National Strength 
through Faster Progress in Electrical 
Insulation.” Distribution and control, 
rotating machinery, electronics and 
communications and materials educa- 
tion are some of the study topics. 
ASTM will sponsor a materials and 
testing session while sessions on elec- 
tronics are being planned by SPE and 
AIEE. 


Summer Program on 
Superconductivity and 
Engineering Applications 

In order to give an integrated picture 
of the physics of superconductivity, the 
properties of superconductive materials 
and their exploitation in computer cir- 
cuits, a Special Summer Program on 
Suverconductivity and Its Engineering 
Applications will be presented at the 
Massachusetts Institute of Technology, 
August 14-25. Tuition is $325. Inquiries 
and applications should be addressed to 
Professor Peter Elias, Head, Depart- 
ment of Electrical Engineering, Room 
4-202, Massachusetts Institute of Tech- 
nology, Cambridge 39, Mass. 


Call for Magnetism Conference 
Papers 


The deadline for abstracts of papers for 
the Seventh Annual Conference on 
Magnetism and Magnetic Materials is 
August 18. The conference will be held 
in Phoenix, Ariz., Novembe- 13-16, at 
the Hotel Westward Ho. It is spon- 
sored jointly by the AIEE and the 
American Institute of Physics, in co- 
operation with the Office of Naval Re- 
search, the IRE and the Metallurgical 
Society of the AIME. Further details 
can be obtained from P. B. Myers, 
Motorola Semiconductor Products Div., 


5005 E. McDowell Rd., Phoenix, Ariz. 


Papers Wanted for Congress on 
Information Processing 


The Second International Congress on 
Information Processing will be held in 
Munich, Germany, in August 1962. The 
Congress is being organized by the 
International Federation of Information 
Processing Societies, of which the 
American representation is the National 
Joint Computer Committee of the AIEE, 
IRE and ACM. The Federation is a 
permanent world organization repre- 
senting the technical societies of 17 
nations. Each member of the Federa- 
tion’s council represents his nation’s 
technical societies active in the infor- 
mation-processing field. 

Those wishing to offer papers are 
invited to send abstracts of 500-1000 
words to Dr. E. L. Harder, Westing- 
house Electric Corp., East Pittsburgh, 
Pa., by September 15, 1961. The Con- 
gress will cover all aspects of infor- 
mation processing and digital comput- 
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New “602” Esterline Angus Two-channel Recorder 


This compact two-in-one instrument pro- 
vides side-by-side synchronized graphs on a 
single six-inch-wide chart! Use it to check 
electrical circuits, to determine the quality 
of arc welds, to indicate proper settings for 
anodizing, to aid in medical diagnostic re- 
search, to provide a wide variety of other 
vital information. In fact, any two variants 
if expressed as current or voltage can be 
recorded simultaneously on this new two- 
pen instrument. 

Price? Under $600. That’s some $150 less 
than the cost of two graphic instruments 


Modern case designed by Raymond Loewy Associates. 


previously required to do the same jobs! 
Most important, the Esterline Angus 
Two-channel Recorder (which carries a 
unique-in-the-industry two year guarantee) 
is a product of 50-plus years of experi- 
enced craftsmanship— your assurance of 
dependable, trouble-free performance. 


For more detailed information, write 
for new “602’’ Recorder descriptive 
sheet. Address: ESTERLINE ANGUS 
INSTRUMENT ComPANny, INc., Box 
596H, Indianapolis 6, Indiana. 


ter Craftsman 
for 48 years, 


Excellence in graphic recording for over 50 yars—ESTERLINE ANGUS 


Circle 157 on Inquiry Card 





CALENDAR of Meetings 


July 16-22—Fourth International 
Conference on Medical Electronics 
and Fourteenth Conference on Elec- 
tronic Techniques in Medicine and 
Biology (sponsored by IFME, 
JECMB, IRE), Waldorf Astoria 
Hotel, New York City. 


Aug. 15-17—1961 Cryogenic En- 
gineering Conference (sponsored by 
University of Michigan), Ann Arbor, 


Mich. 


Aug. 16-18—Second International 
Electronic Circuit Packaging Sym- 
posium (sponsored by University of 


Colorado), Boulder, Colo. 


Aug. 22-25—Western Electronics 
Show and Conference (sponsored by 
WCEMA), Cow Palace, San Fran- 


cisco. 


Aug. 23-25—Pacific Genera] Meet- 
ing, AIEE, Hotel Utah, Salt Lake 
City, Utah. 


Aug. 28-Sept. 1 — International 
Heat-Transfer Conference (spon- 
sored by ASME), University of 
Colorado campus, Boulder, Colo. 


Sept. 5-8—Eleventh National Chem- 
ical Exposition (sponsored hy ACS) 
International Amphitheatre, Chicago. 


Sept. 5-8—Sixteenth National Con- 
ference, Association for Computing 
Machinery, Statler Hilton Hotel, Los 
Angeles. 


Sept. 6-8—1961 Joint Nuclear In- 
strumentation Symposium  (snon- 
sored by AIEE, IRE and JSA), 
North Carolina State College cam- 
pus, Raleigh, N. C. 


Sept. 6-8—National Symposium on 
Space Electronics and Telemetry 
(sponsored by IRE), University of 
New Mexico campus, Albuquerque, 


N. M. 


Sept. 6-13—International Confer- 


ence on Electrical Engineering Edu- 


ers including the following: business, 
scientific and real-time information 
processing; storage and retrieval of 
information; digital communication; 
artificial perception and intelligence; 
advanced computer techniques; educa- 
tion, and others. In addition to accepted 
papers there will be invited papers, 
symposia and panel discussions. 
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cation (sponsored by AIEE, ASEE 
and IRE), Sagamore Conference 
Center, Syracuse University, Adiron- 


dacks, N. Y. 


Sept. 11-15—ISA Fall Instrument- 
Automation Conference and Exhibit 
and ISA Sixteenth Annual Meeting, 
Memorial Sports Arena, Los An- 
geles, 


Sept. 14-15—Symposium on En- 
gineering Writing and Speech (spon- 
sored by IRE), Bellevue-Stratford 
Hotel, Philadelphia. 


Sept. 20-21—Industrial Electronics 
Symposium (sponsored by AIEE, 
IRE and ISA), Bradford Hotel, 


Boston. 


Sept. 20-23—Program for Ceramic- 
on-Metal Processes (sponsored by 
American Ceramic Society), French 
Lick-Sheraton Hotel, French Lick, 
Ind. 


Oct. 1-4—Electrochemical Society 
Meeting, Hotel Statler, Detroit, 
Mich. 


Oct. 1-6—International Scientific 
Radio Union, CISPR (sponsored by 
IEC and IRE), University of Penn- 
sylvania campus, Philadelphia. 


Oct. 2-4—Seventh National Com- 
munications Symposium (sponsored 
by IRE), Municipal Auditorium, 
Utica, N. Y. 


Oct. 3-6—Ninth Annual Human 
Engineering Institute, Dunlap and 
Associates, Inc., Stamford, Conn. 


Oct. 9-11—National Electronics 
Conference (sponsored by AIFE, 
EIA and IRE), International Amphi- 
theatre, Chicago. 


Oct. 17-19—Lubrication Confer- 
ence (sponsored by ASME-ASLE), 
Morrison Hotel, Chicago. 


Oct. 23-25—Annual Meeting of the 


Program for Ceramic-on-Metal 
Processes 


High-temperature protective ceramic 
coatings, ceramic-metal composites, 
ceramic coatings as adhesives, flame- 
sprayed ceramie and cermet coatings 
for metals, and ceramic coatings on 
dielectrics will be the subject of a pro- 
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Conference on Electrical Insulation 
(sponsored by National Academy of 
Sciences-National Research Coun- 
cil), Pocono Manor Inn, Pocono 
Manor, Pa. 


Oct. 23-25—East Coast Confer- 
ference on Aerospace and Naviga- 
tional Electronics (sponsored by 
IRE), Lord Baltimore Hotel, Balti- 
more, Md. 


Oct. 23-25—International Commit- 
tee for Suppression of Radio Inter- 
ference, URSI-IRE Fall Meeting 
(sponsored by URSI and IRE), 
University of Texas campus, Austin, 
Texas. 


Oct. 23-27—Forty-third National 
Metal Congress, 1961 Detroit Metal 
Show and ASM Materials Compari- 
son Center (sponsored by ASM), 
Cobo Hall, Detroit, Mich. 


Oct. 24-26 — Michigan Industrial 
Electronics Exposition (sponsored 
by Electronic Representatives, Inc.), 
Detroit Armory, Detroit, Mich. 


Oct. 25—Technical Conference on 
Plastics in Major Household Appli- 
ances (sponsored by SPE), Mono- 
gram Hall, General Electric Co., 
Louisville, Ky. 


Oct. 25-26—1961 Computer Appli- 
cations Symposium (sponsored by 
Armour’ Research Foundation), 
Morrison Hotel, Chicago. 


Oct. 26-27—Instrumentation Fac- 
ilities for Biomedical Research Sym- 
posium (sponsored by IRE, AIEF, 
ISA and University of Nebraska), 
Sheraton Fonteuelle Hotel, Omaha, 
Nebr. 


Oct. 26-28—1961 Electron Devices 
Meeting (sponsored by IRE), Shera- 
ton Park Hotel, Washington, D. C. 


Oct. 30-31 — Radio Fall Meeting 
(sponsored by EIA and IRE), Hotel 


Syracuse, Syracuse, N. Y. 


gram of scientific papers planned for 
September 20-23 by the Enamel Divi- 
sion of The American Ceramic Society. 
The meeting will be held at the French 
Lick-Sheraton Hotel, French Lick, Ind. 

Requests for further details and for 
copies of the program may be addressed 
to The American Ceramic Society, 4055 


No. High St., Columbus 14, Ohio. 
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mis AMPin-cert’ “ire” GIVES YOU BOTH “srs/teintsrence” WITH ALL 3 


AMP-LOK® AMPEEZ’ FASTIN-FASTON 


® self-locking friction contacts ® 7, 14 and 20 circuit © 1, 2, 6 and 8 circuits 

create positive wiping action ® insertion/extraction force of ® contacts are self-locking in housing 
® low millivolt drop 2-5 Ibs. per contact ® fully tested for millivolt drop 
* 3, 4, 6, 9 and 12 circuits “Tab-Gap Lok” prevents @ nylon or cycolac housings polarized 
® wire ranges f?: #18. #20-#15 contact spread to prevent circuit errors 

and #18-#16 A fits wire size range #18-#14 AWG @ wire insulation support for vibration 
® nylon housing hoo in” wings amperage rating 20-25 resistance 


for through panel use nylon housing polarized ® full wire size #18-#14 AWG 
® keying plug prevents mismatching for perfect mating 


caps in side-by-side mounting mounts flush—only .125” projects 
from panel front * Trademark 


This line of AMPin-cert Connectors gives you minimum insertion and withdrawal forces, maximum amperage 
ratings, resistance to vibration, corrosion and environmental factors . . . everything to assure lower assembly 
costs, rugged performance and simplified maintenance. Check these features and see how they fit your design 
plans. Any additional information you may need will be sent on request. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia ¢ Canada « England © France « Holland Italy © Japan « Mexico e West Germany 
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TO YOUR RELAY PROBLEMS 


IT’S WHAT’S INSIDE THAT COUNTS 
IN TIME DELAY RELAYS 


Especially when milliseconds count! Note the 
printed circuit construction of Leach’s optional 
output time delay relays. This economical line of 
off-the-shelf electronic units includes time delays 
on release and time delays on operate—in a tim- 
ing range of 100 milliseconds to 60 seconds. These 
standard components are available with fixed or 
adjustable timing to meet your most critical 
requirements. And they’re all 100% inspected 
during manufacture for highest reliability! 


WE’RE LOADED WITH 
LITERATURE... 


Write for bulletins, write for in- 
formation, write for details and 
specifications. Or mail your re- 
quest on the Reader-Service Card! 


Bulletin TD-200. 


BLOCK THAT SHOCK! 


Leach balanced- 

armature relays pro- 

vide high resistance 

to shock (50 G’s) and 

vibration (15 G’s to 

2000 cps). They meet t 

or exceed MIL-R-25018, MIL-R- 
5757C and MIL-R-6106C. Choose 
from 4,000 variations of 20 basic 
types! Bulletin BA-859. 


NOT A SQUARE IN THE WHOLE FAMILY! 


4 PDT,5 AMP 
2 PDT, 3 AMP 


2 POT, 10 AMP 
6 PDT, 5 AMP 


SUBMINIATURE 
CRYSTAL CANS, TOO! 


Want big performance, compact 

size? Get both in a wide range of 
standard relay 
configurations. 
Dual coils... 
balanced rotary 
armature for 
2 amp, 2 PDT 
switching in 
aerospace and 
electronic con- 
trol applica- 
tions. Bulletin 
CC-M200 and 
M101. 


LEACH CORPORATION, 18435 Susana Road, Compton, California « District offices 
and field representatives in principal cities of U.S. * Export: Leach International, S.A. 
Forty-one years of serving the control needs of the aircraft, missile and electronic industries 


4 PDT, 10 AMP 


When only a round can 
relay will fit your need, 
Leach offers this family 
group in contact ——. 
rations of 2, 4 and 6 PDT 
and in contact ratings 
ranging from dry circuit 
to 10 amps. 

ulletin RC-300. 


Se 


TYVY 
WHAT'S HALF OF A 


SUBMINIATURE? 


Answer: The new Leach Half-Size 
Crystal Can Relay. Half the height 
of a subminiature but boasting 
the same base dimensions, the 
same performance! Amazing. 
Bulletin CC-M250. 


™®. 60x ro LEACH 
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BOOK Reviews 


Edited by Arnotp E. RuDAHL, 
Associate Editor 


Active Networks and Feedback 
Systems, edited by J. Fox, Inter- 
science Publishers, New York (1961). 
658 pages, $8.00. 

This book contains symposium papers 
in the fields of feedback networks and 
systems, synthesis of active networks, 
active network concepts, time-variable 
and non-linear networks, and_ time- 
varying systems. 


Modern Computing Methods, 
Staff of Mathematics Division, Na- 
tional Physical Laboratory, Tedding- 
ton, England, Philosophical Library, 
Inc., New York (1961), 170 pages, 
$6.00. 

Intended as a manual for those en- 
gaged in computational work and as a 
basis for college courses in numerical 
analysis, this second edition covers 
methods suitable for automatic compu- 
tation. New material includes that on 
linear equations and matrices, iterative 
methods and error analysis, and Cheby- 
shev Series. 


Iterative Arrays of Logical Cir- 
cuits, F. C. Hennie III, Technology 
Press of Massachusets Institute of 
Technology and John Wiley & Sons, 
Inc., New York (1961), 242 pages, 
$4.95. 

This book examines the behavior and 
properties of one- and two-dimensional 
iterative networks. Pertinent to the 
areas of information processing, switch- 
ing theory and computer design, the 
text extends the techniques presently 
used for designing and simplifying 
switching circuits to various types of 
iterative networks. 


Digest of Literature on Dielec- 
trics, Vol. 23-1959, edited by L. J. 
Frisco and T. D. Callinan, National 
Academy of Sciences-National Re- 
search Council, Washington, D. C. 
(1960), 421 pages, $5.00. 

The scope of the twenty-third annual 

volume of the Digest of Literature on 

Dielectrics is actually much broader 

than the title would indicate. The vol- 

ume thoroughly covers not only all as- 
pects of dielectrics and related subjects, 
but also deals with ferroelectric and 
ferromagnetic materials in considerable 
detail. The Digest has been prepared 
from the standpoint of the physicist, 


ELECTRO-TECHNOLOGY 





From the Indiana Stee/ Products Division 
of INDIANA GENERAL CORPORATION 


ENERGY PRODUCT B.H.x 10° 


yp SVN 
wownououomo 


PERMEANCE COEFFICIENT — P 
2.0 25 . 3.0 


pe ee a oe 


Typical Demagnetization and Energy Product Curves for INDox I, V and VI 


1.8 


H — KILO OERSTEDS 


INDOx’ magnets for creative designers... 
and tough inspectors, too 


TYPICAL CHARACTERISTICS 


Coercive Force (H.), Oersteds | 1825 | 2,000 
Residual Induction (B,), Gauss 2,200 3,840 


Max. 


Reversible Permeability 


Reversible Temperature —0.19%/°C 1-0.19%/°C 


Coefficient (Magnetic) 


Peak Energy Product (B,H,), 1.0x106 3.5x106 
2 | _105, 


Magnetization Field For 10.000 10,000 


Saturation, Oersteds 


Chemical Composition 


Specific Gravity 
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4.7 or 5.0 or 
0.17 Ib/cu in §0.181 Ib/cu in 


OivisSionm OF 


2.4x106 


—0.19%/°C 
10,000 


BaFe12019 


4.5 or 
0.162 Ib/cu in 


Indiana’s INDOX ceramic permanent magnets not only open the 
doors to new and better design — they give you the added 
bonus of tested, proved reliability. 


Build it smaller, build it cheaper, build it better. How? With 
INDOX ceramic magnets. 

Why? INpox provides high resistance to both demagneti- 
zation and radiation environments; high resistivity means 
low eddy current losses; low incremental permeability; high 
energy per unit weight. 

Where? Some of the performance proven INDOX applica- 
tions include loud-speakers, ion pumps, traveling wave tubes, 
holding devices, sonar magnetostriction units, synchronous 
drives, generators, motors. 

Why Indiana? Because nobody in the business has the 
wealth of experience in ceramic magnet manufacture and 
engineering know-how. We can cite examples of INDOX suc- 
cess stories where other materials have failed. If you want 
to know more about this outstanding material in relation to 
your own designs, write or call us. Ask for Bulletin B-7. 


Phone HOward 2-3131 — Direct Distance Dialing Code 219 


rs INDIANA STEEL PRODUCTS 
@ 


GENERAL 


VALPARAISO, INDIANA 
COmPORATION INDIANA PERMANENT MAGNETS 
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GASKET 
SEALED 

PLUG-IN 
RELAY » 


DESIGNED TO MEET A VARIETY OF SEALED APPLICATIONS . . . MR’s NEW 1056 


100U: Meets Un- 
derwriters spacings 
and materiais to 


100L: Ruggedly 
built Latching Re- 
lay to 6PDT 


100PC: Low Cost 
Printed Circuit Re- 
lay to 3PDT 


Blue-tinted trans- 
parent Butyrate or 
Nylon Cover 
(105GN) 


Gasketed 
Frame Mount 


Gasketed 
Cover to Base 


Electrically Insu- 
lated thru-bolt 

. . . minimizes 

locator key break- 
age and reinser- 

tion problems 


SERIES 1056 


Truly versatile, the 
105G Plug-In Relay is 
available to 3PDT. 
Supplied with 5 amp 
contacts, 1/8” dia. 
silver cad oxide, gold 
flashed; OR 10 amp 
contacts, 3/16” dia. 
Nickel Silver, or Dura- 
flex Phosphor Bronze 


3PDT 


Write for Com 


plete Line Brochure! 


contact blades. Epoxy 
paper base insulators. 
AC, DC and Plate Cir- 
cuit coils, or manu- 
factured to your spec- 
ifications. 


MILWAUKEE RELAYS, INC. 


P.0. BOX 3175, MILWAUKEE 18, WISCONSIN / SUNSET 1-3200 
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How Wisconsin Porcelain Co. ceramic parts 
can help you keep production costs down 


If your production slows down when 
ceramic parts are delivered late or when 
they fit badly—turn to Wisconsin Por- 
celain Co. for your ceramic needs and 
safeguard against these expensive pro- 
duction loses. 

Wisconsin Porcelain has complete, 
modern facilities for the manufacture 
of a wide variety of ceramics including 
porcelain, refractory, steatite and filter 
bodies in quantities of a few hundred or 
several million. 

Result: tough, uniform, accurate 


¥ 


components that fit quickly and easily 
into place. 
Around-the-clock operation is your 
further assurance of on-time deliveries. 
Your sample or sketch is all that’s 
necessary in order for us to quote on 
delivery and prices. 


Serving the Electrical and Electronic 
Industries since 1919 


WISCONSIN PORCELAIN CO. 


115 Market St. + Sun Prairie, Wis. 
{ In the Chicago Industrial Area. ) 
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the chemist and the engineer. The most 
advanced theoretical developments as 
well as progress in the development and 
application of the materials discussed 
are thoroughly reviewed. 

The twelve chapters into which the 
Digest is divided include chapters on 
instrumentation and measurements, 
molecular and ionic interactions, con- 
duction phenomena in solids, magnetic 
materials, insulating films, insulating 
liquids, rubber and plastics insulation, 
piezo-electric materials, breakdown 
phenomena, and a chapter on appli- 
cations. —A.E.J. 


Transform Calculus for Electrical 
Engineers, R. Legros and A. V. J. 
Martin, Prentice-Hall, Inc., Engle- 
wood Cliffs, N. J. (1961), 342 pages, 
$12.00. 

The Fourier series is presented, with 

its applications to frequency spectra, 

linear systems and electrical circuits. 

The Laplace transform is analyzed, and 

linear amplifiers and their frequency 

behavior are covered. 


Error-Correcting Codes, W. W. 
Peterson, M. I. T. Press and John 
Wiley & Sons, Inc., New York (1961), 
285 pages, $7.75. 

Coding theory is treated, with concern 
for implementing codes in practical 
systems. Codes with mathematical, and 
especially algebraic, structure are em- 
phasized for engineers dealing with 
information transmission and storage 
systems. 


Engineering 
Standards 


IEC Standards 


International Electrotechnical Commis- 
sion brochure, listing all IEC publica- 
tions through December 1960, 60¢. 

IEC Publication 117-2, Recommend- 
ed Graphical Symbols (replaces IEC 
publications 35 and 42), $2.40. 

Copies of these publications may be 
obtained from American Standards As- 
sociation, Inc., 10 E. 40 St., New York 
16. 


ASA Standards 


The 1961 Catalog of American Stand- 
ards, available without charge, contains 
a listing of special publications in the 
standardization field, pamphlets and 
standards, recommendations of the In- 
ternational Organization for Standard- 
ization and the International Electro- 
technical Commission. It also has an 
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NEED 
PRE-ENGINEERED 
WIRE’ 


WIRE 
PACKARD 
ELECTRIC! 


-A SINGLE SOURCE FOR SPECIAL 


AND REGULAR CABLE AND WIRE eS 
Just give us the specifications. We will work with your : J 
8c - 


designers to develop and produce pre-engineered wire, 
such as power cords, to your exact needs. Or, if you want CROSS SECTION OF A PACKARD ELECTRIC POWER CORD 
regular cable or wire, you can choose frum our broad 
line of electronic, aircraft, appliance, marine and auto- 


motive cable. And we are one of the largest producers Packard Electric 


of magnet wire. 


Packard’s integrated production, from raw materials to Werres. Ohia 
finished products, assures on-time delivery, dependable : 
cost- and quality-controls. Remember, whenever you need 

wire .. . wire Packard Electric, Warren, Ohio. 3 “Live Wire” division of General Motors 
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ANOTHER IDEA 


usinc TORQ 


SPEED DETECTORS 


Pats. & Pats. Pend. 


In a truck refrigerating system which 
uses the truck engine to drive the alter- 
nator, the ingenious use of a TORQ speed 
detecting centrifugal governor results in 
useable alternator output over practically 
the entire speed range of the truck en- 
gine. This is done by the TORQ switch 
automatically shifting down the truck 
engine input speed to the alternator over 
1800 rpm, thus maintaining proper volt- 
age to frequency output for proper oper- 
ation of blower and compressor motors. 


TORQ speed detecting/control devices 
are snap acting, centrifugal switches. 
They actuate on speed alone, are vir- 
tually frictionless in operation, are built 
to specification tolerances at speeds from 
0 to 15,000 rpm and are rated up to 1.5 
million cycles of uniform operation. 


@ METER SCALES, using 
speed as the measure- 
ment function, use 
TORQ switches to auto- 
matically change scale 
ranges for continuous, 
direct reading of all 
scales without manual 
controls or mental cal- 
culations. 


: @ ELECTRONIC EQUIPMENT 

|is protected against 

“J > overheating with a 

{TORQ switch to cut 

= out circuit in event of 
cooler blower failure. 


eh MISSILES are afforded 

“4. . ballistic accuracy with 

Ss a TORQ switch to con- 
. ° 


trol rpm. 
If your equipment employs a rotating 
shaft, you can use a TORQ switch. 


TORQ 


ENGINEERED PRODUCTS, INC. 
34 West Monroe Street Bedford, Ohio 
Phone: BEdford 2-4100 


150 Circle 164 on Inquiry Card 


index to titles of American Standards 
and international recommendations. 
$1.4-1961, American Standard Spec- 
ification for General-Purpose Sound- 
Level Meters, $1.30. 
Copies may be ordered from Ameri- 


| can Standards Association, 10 E. 40 St., 


New York 16. 


AIEE Standards 
The following new publications are 
offered: 

85, Proposed Test 
Noise Measurements on Rotating Elec- 
tric Machinery, 70¢. 

86, Proposed Standard Definitions 
of Basic Per Unit Quantities for Alter- 
nating-Current Rotating Machines, 50¢. 

¥14.15, American Drafting Stand- 
ards Manual — Section 15 — Electri- 
cal Diagrams, $1.50. 

These publications may be obtained 
from the American Institute of Elec- 
trical Engineers, 33 W. 39 St., New 
York 18. 


NBS Standards 


Luminance standards to calibrate the 
meters used by illuminating engineers 
and by manufacturers of aircraft instru- 
ment panels to evaluate “brightness” 
are now available from the National 
Bureau of Standards. With the aid of 
these standards, uniformity may also be 
achieved in the measurement of the 
luminance of other products such as 
cathode-ray tubes. 

Luminance Standards may be pro- 
cured at prices ranging from $63.00 to 
$72.00 (depending on the size of the 


| lamp component) from the Photometry 
| and Colorimetry 


Section, National 
Bureau of Standards, Washington 25, 
D. C. 

Standard 233, Units of Weights and 
Measures (United States Customary 


Procedure for | 





and Metric) — Definitions and Tables 


of Equivalents (supersedes Miscella- 
neous Publication 214), 40¢. 

Order from Superintendent of Docu- 
ments, U. S. Government Printing Of- 
fice, Washington 25, D. C. 


ASTM Standards 


The 1960 Supplements to the 1958 Book 
of Standards have been completed. 
Each supplement includes new stand- 
ards and revisions adopted in 1960. 
This year’s supplements include the 
following parts: 

Part 1— Ferrous Metals Specifica- 
tions, 444 pages. 

Part 2— Non-Ferrous Metals Speci- 
fications, 348 pages. 

Part 3 — Methods of Testing Metals, 
180 pages. 

Part 9 — Plastics, Electrical Insula- 
tion, Rubber, Carbon Black, 494 pages. 

Each part is $4.00 from American 
| Society for Testing Materials, 1916 
| Race St., Philadelphia 3. 
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RCA 2N2015 AND 2N2016 
SILICON POWER 
TRANSISTORS 


“STOP” 


CALL YOUR 
RCA SEMICONDUCTOR 


DISTRIBUTOR 


For a comprehensive line of superior- 
quality RCA Transistors and Silicon 
Rectifiers, and all RCA Semiconductors 
for special projects or pre-production 
requirements...call your RCA Semicon- 
ductor Distributor. Just check the 
extra advantages he offers you: 


Fast delivery from local stock 
Prompt delivery of the latest RCA 
types for your evaluation 

Orders filled from factory-fresh 
stock 

Up-to-date, practical product infor- 
mation 

Valuable RCA technical assistance 
when you need it 

“One-stop” service on your orders 
Specialists who understand your 
problems and your electronic needs. 


Remember, when you want fast delivery, 
reliable service, always check first with 
your local RCA Semiconductor Distrib- 
utor. For the name and address of your 
nearest RCA Semiconductor Distribu- 
tor, write RCA, Distributor Products 
Sales, Harrison, N. J. 


“ 
“ 


“ 


“ 


“ 
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Now 0.25 ohm max. R;; min. beta of 15 @ 5 amp—7.5 @ 10 amp 


with RCA 2N2015 and 2N2016 
150-watt, 200 C Silicon Power Transistors 


Outstanding as replacements for germanium power transistors of comparable power 
ratings in inverter, voltage-regulator and .other power-supply applications, the new 
high-temperature RCA 2N2015 and 2N2016 feature: 


2N2015 
OR 
2N2016 


INPUT 
32 to 40 VOLTS 


2N1481 


RCA 2N2015, 2N2016 can deliver 10 
amperes to 280-watt load in voltage- 
regulator circuit. 


Check these superior ratings against those of the germanium types you are now using: 


Dissipation Voex VCEO (sus ) T Oo fae JEDEC 
= aC bau eee tae 


Call your RCA representative today for full particulars on new RCA 2N2015, 2N2016 and 
the entire RCA lineup of Industrial Silicon Transistors. For additional technical information, 
write RCA Semiconductor and Materials Division, Commercial Engineering, Section G-54-NN 
Somerville, New Jersey. 


Available . , 
through The Most Trusted Name in Electronics 
your RCA RADIO CORPORATION OF AMERICA 


distributor 


e 0.25-ohm max. saturation resistance 
at Ic = 5 amp. 


e Beta of 15 to 50 at Ic = 5 amp. 


e Min. beta of 7.5 @ Ic = 10 amp. 
e 10 amp max. collector current. 


e 150 watts max. transistor dissipation 
at 25°C. 


e 200°C max. junction temperature. 
e 1.17°C/W max. thermal resistance. 
e JEDEC TO-36 package. 

e Immediate Availability. 


OUTPUT R 
28 V REG L 


FIELD OFFICES: 


EAST: Newark, N. J., 744 Broad Street, HUmboldt 
5-3900 + Eriton, N. J., 605 Marlton Pike, HAzel 
8-4802 - Baltimore, Md., ENterprise 5-1850 - Syra- 
cuse 3, New York, 731 James Street, Room 402, 
GRanite 4-5591 - NORTHEAST: Needham Heights 
94, Mass., 64 “A” Street, Hillcrest 4-7200 - SOUTH- 
EAST: Orlando, Fla., 1520 Edgewater Drive, Suite 
#1, GArden 4-4768 - EAST CENTRAL: Detroit 2, 
Mich., 714 New Center Bldg., TRinity 5-5600 - 
CENTRAL: Chicago, IIl., Suite 1154, Merchandise 
Mart Plaza, WHitehal!l 4-2900 - Minneapolis, Minn., 
5805 Excelsior Blvd., WEst 9-0676 - WEST: Los 
Angeles 54, Calif., Box 54074, RAymond 3-8361 - 
Burlingame, Calif., 1838 El Camino Real, OXford 
7-1620 - SOUTHWEST: Dallas 7, Texas, 7905 Car- 
penter Freeway, Fleetwood 7-8167 - GOV’T.: 
Dayton, Ohio, 224 N. Wilkinson St., BAldwin 6-2366 
Washington, D.C., 1725 “K” St., N.W., FE 7-8500 





Editorial REPRINTS Available 


As manuscripts are projected for 
publication in each issue of Elec- 
tro-Technology, the board of editors 
determines which editorial articles 
are to be made available to readers 
in reprint form. 

Available reprints of articles in 
this and previous issues are briefed 
here. Any regular Electro-Technology 
reader qualifies for one copy of 
all single-article reprints, without 
charge. 

The numbers at the head of re- 
print listings correspond to the 
numbers on the postcards incorpo- 
rated in the Reader Inquiry Service 
Section at the end of the book. 


™ 921—Factors Contributing to Backlash in 
Gear Trains, July 1961, 8 pages. Largely re- 
lating to fine-pitch spur-gear trains, effects con- 
sidered include changes in center distance, pres- 
sure angle, total composite error in gears; thinning, 
deflection and wear of teeth; also radial play 
in bearings, shaft twist, and differential expan- 


sion between housing and gears. 


[] 936—Relay Designers and Users Meet, July 
1961, 5 pages. A summary report on selected 
papers presented at the Ninth National Confer- 
ence on Electromagnetic Relays. Subjects covered 
by the papers reviewed are: relay-contact failure, 
special telephone-relay contacts, a contact spring 
for reduced chatter in high-speed relays, high- 
speed relay operation with minimal power, dry- 
reed relay logic device, r-f interference suppression, 
and rating and testing methods. 


[] 920—Effects of Corona on Vinyl Electrical 
Tape, June 1961, 6 pages. Results of evaluation 
program show that corona resistance of vinyl 
electrical tape depends on electrical stress, mechan- 
ical elongation, humidity, type of electrode and 
specimen geometry, among other factors. Actual 
test data are given and the physical effects of 
corona on specimens are illustrated. These data 
are important owing to increasing use of vinyl 
under corona conditions and previous lack of 
meaningful evaluation. 


[] 916—Semiconductor Rectifier Characteris- 
tics, June 1961, 8 pages. Terms used in describ- 
ing rectifier characteristics are defined. Various 
ways of measuring and interpreting the forward 
and reverse characteristics are discussed. Includes 
design of circuits to be used in testing cells, 
including load tests. Things to look for in analyz- 
ing test results are pointed out. 


() 905—Key Problems in Microelectronics, 
June 1961, 6 pages. An objective examination, 
based on a field survey, of the principal obstacles 
that are still hampering full-scale production and 
wide application of microelectronic devices (dis- 
crete components, 2-D integrated circuits, solid- 
state circuits, molecular function blocks). In 
addition to the factors of economics, the dis- 
cussion takes in problems of techniques, relia- 
bility, standards and relationship between system 
and device engineering. 


j] 922—Designing Electronic Transformers on 
a Digital Computer, May 1961, 7 pages. Dem- 
onstration of the iterative procedures used to 
optimize the design of a line of single-secondary 
transformers in the range of 4 to 3230 va core 
fating within limits of overall performance. 
Modifications of the computer program for de- 
signing rectifier plate transformers and linear 
inductors are included. 


[j] 942—Control-System Analysis by Analog 
Simulation, May 1961, 5 pages. Principles of 
analog simulation, based on similarity of system 
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Readers should circle those numbers 
which correspond to the reprints 
desired. 

If multiple quantities of these re- 
prints are desired, the rates to 
govern are indicated below. Remit- 
tance must accompany all orders. 
Larger quantities, special quotation. 


Cost of Single-Subject Reprints 


No. of 
Reprints 4-12 

1 Gratis 

5 $2.00 

10 3.75 

25 7.50 


Number of pages 
16-32 


Gratis 
$3.75 

6.00 
12.50 


equations of mechanical and electrical systems, 
are applied to analysis of linear and non-linear 
control systems. Methods of building up the 
analog circuit using basic operational amplifier 
with feedback are given. 


[] 943—Simplifying Switching Circuits with 
Boolean Algebra, May 1961, 6 pages. Discusses 
gains to be obtained in reducing circuit complexity 
and number of components through practical use 
of Boolean principles and Karnaugh maps. The 
NAND circuit is used as a “universal connective”’ 
to implement a number of sample circuits. 


[] 953—The Design Analysis of Materials, May 
1961, 11 pages. Design analysis of materials as a 
prerequisite to specification is examined. In the 
Introduction, various underlying factors are dis- 
cussed and the basic analytical approach given; in 
Part 1, principles are applied to classes of materi- 
als in terms of inherent characteristics, effects of 
form and configuration, environmental problems 
and cost vs intrinsic performance value; in Part 
2, principles are applied to general considerations 
and to external factors, including purity of ma- 
terials, effects of fabrication, and influences of 
research and test methods. 


(1) 939—Spring Design for Electronic Equip- 
ment, April 1961, 8 pages. Typical applications 
of small compression, extension, torsion, and flat 
springs are considered, with examples worked 
out with the aid of established equations and 
tabular data on material properties. Conservative 
stress values are in line with military reliability 
norms. 


(0 914 Machine Tool Electrical Stand- 
ards (NMTBA), June 1960, 18 pages 
plus cover. First revision since March 
1956 of the Electrical Standards spon- 
sored by the National Machine Tool 
Builders’ Association. Present version pro- 
posed September 1, 1959 and adopted 
with interim revisions January 25, 1960. 
(See also JIC Electrical Standards for 
Industrial Equipment, page 159.) Sin- 
gle reprints, no charge. Multiple quantities 
may be obtained at the following prices: 
5-$3.75; 10-$6.00; 25-$12.50; 50-$20.- 
00; 100-$30.00. Send check with order 
payable to ELECTRO-TECHNOLOGY, 205 
E. 42 St., New York 17. 


() 927—Superconductive Circuits for Comput- 
ing Machines, April 1961, 12 pages. Gain and 
time constants of wire-wound and film type cryo- 
trons (operating at temperatures approaching 
absolute zero) are compared. Characteristics of 
cross-film types are given and their use illustrated 
as storage cells and as logic gates, adders and 
shift registers. Because of their minute size and 
very low power losses, wide use of cross-film 


cryotrons is foreseen in extremely compact digital- 
computer systems. 


[] 948—How to Make Basic D-C Measure- 
ments—2, April 1961, 11 pages. Following the 
discussion of basic units and precision d-c measure- 
ments of the May 1960 article (in Electrical 
Manufacturing), the author offers details of 
standardizing methods for resistance devices: 
various forms of bridges, shunts and volt boxes. 
Circuits and illustrations fully support the text. 


(J 917—Quiet Wiring, March 1961, 4 pages. 
Explanation of what causes noise due to electro- 
magnetic ambient conditions. In most cases, noise 
can be reduced by proper wiring procedures. 
Examples are given. 


(0 923—Stability of Epoxy-Encapsulated Mag- 
net-Wire Systems—An Analysis of Compati- 
bility Factors, March 1961, 9 pages. Rapid 
increase in .the use of encapsulated windings and 
coils in motors and other applications creates a 
need for studies of the compatibility between 
resin encapsulant and magnet-wire insulation. 
This article reviews basic parameters in encapsu- 
lated magnet-wire system design, describes test 
methods used in compatibility studies, and presents 
summaries and interpretations of test data obtained 
from several major test programs. 


[] 915—Advances in Magnetism and Mag- 
netic Materials, February 1961, 9 pages. A 
report on current advances in magnetic materials 
and their impact on design engineering, from 
the Sixth Annual Conference on Magnetism and 
Magnetic Materials co-sponsored by AIEE and 
AIP. Selected papers relating to the design en- 
gineering function are reviewed and interpreted: 
theoretical aspects, thin metallic films, oxides, 
high coercive force materials, metals and alloys, 
soft magnetic materials. Text supported by charts 
and graphs. 


() 945—Network Synthesis—Some Notes on 
the Synthesis of RLC Transfer Functions and 
Constant-Resistance All-Pass Lattice Networks, 
February 1961, 2 pages. The basic principles of 
network synthesis, as presented in the January 
1961 issue Science & Engineering article, are 
applied to the synthesis of RLC transfer functions 
and constant-resistance all-pass lattice networks. 


([ 946—Reliability through Redundancy and 
Error-Correcting Codes, February 1961, 8 pages. 
The problem of reliability assumes serious pro- 
portions whenever numerous hardware components 
and transmissions of large amounts of data of 
an informational and control nature are involved. 
Beyond the very definite limits of improving of 
components, the problem must be attacked by use 
of redundant components and circuits. Principles 
of redundancy in equipment and coding in data 
transmission are discussed and examples given. 


(J 913—Editorial Index to Electro-Technology 
(formerly Electrical Manufacturing) for 1960, 
24 pages. This yearly subject-classified index is 
completely annotated, includes author index, plus 
separate indices for Editorial page, Design Trends, 
and Research Notes departments. Also reproduces 
the ELECTRO-TECHNOLOGY Subject Classification 
and Alphabetical Subject Cross index which form 
the basis of the index system. 


(0 906—Bessel and Gamma Functions, January 
1961, 12 pages. Basic principles of Bessel and 
gamma functions and applications. Bessel’s equa- 
tion and the Bessel function, recurrence relation- 
ships, the generalized form of Bessel’s equation, 
the gamma function, solution to Bessel’s equation 
and the Bessel functions of the first and second 
kind, modified Bessel functions and the method 
for deducing recurrence relationships, or basic 
identities. 


(0 910—Survey of Power Transistors, Decem- 
ber 1960, 6 pages. Listing of all transistors 
(made by 18 companies) rated for max collector 
current of 1 amp and over. Characteristics given 
include forward current transfer ratio and col- 
lector breakdown current. Possible applications 
for each type included. 
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(| 947—The Postulates of Boolean 
Algebra in the Languages of English 
Words, Mathematics, Logic, Engineer- 
ing, Geometrical Diagrams, Circuit Dia- 
grams and Truth Tables, April 1960. 
This 11 x 17 in. wall chare (from 
the April 1960 Science & Engineering in- 
sert) contains a compilation of the funda- 
mental laws of Boolean algebra: the Laws 
of Combination, the Laws of the Unique 
Elements, and the Laws of Negation. 
Tabulation provides an at-a-glance “‘trans- 
lation’’ from one symbolism to another, 
also the conversion from sums to prod- 
ucts (and vice versa). 


(1 932—Iron-Core Devices: Evaluation of 
Variable Parameters, December 1960, 5 pages. 
Circuit “‘constants,"” which are actually functions 
of frequency, current, and other circuit conditions, 
must be evaluated by measurement, as departure 
from constancy may be to a major degree. Methods 
outlined for measurement of iron-core device in- 
ductance and resistance and for orderly extra- 
polation of test results for analytical use. 


(J 909—Variability in Functional Aging of 
Mylar Polyester Film for Hermetic Motor 
Application, November 1960, 5 pages. Tests 
show that commercial grades of Mylar polyester 
film age satisfactorily as slot insulation in hermetic 
motor systems. Classical tests such as density, vis- 
cosity, extractables and shrinkage are described, 
as well as a set of functional aging test procedures 
under simulated conditions. 


[] 912—Analog Computation and Analog 
Machines, November 1960, 10 pages. Analog 
machines measure analogous relationships. Con- 
tinuous computation, principles of operation, and 
various functional components are described. A 
survey of typical machines on the market is pre- 
sented, plus applications for the design engineer, 
the role of the analog mgchine in control systems, 
and hybrid systems. 


(0 940—Application of Electrical Insulation 
by the Fluidized-Bed Process, October 1960, 
5 pages. Advantages and. limitations of the new 
fluidized-bed process for applying electrical in- 
sulation to components and equipments. The 
process is explored with respect to design engi- 
neering and economics. Practical applications in 
new designs are developed. 


(0 918—Modular Flow Graphs for Network 
Analysis, October 1960, 9 pages. Statement of 
rules for the manipulation of simple flow-graph 
forms, and a definition and description of basic 
modules for simple two-port networks. The modu- 
lar concept is expanded to include flow graphs 
representing three-terminal devices. These are 
used as modules to construct more complex flow 
graphs. 


(0 930—Analytical Methods for Permanent- 
Magnet Design, Parts 1 and 2, September and 
October 1960, 19 pages. Physics of permanent- 
magnet behavior and design methods for open- 
circuit, permanent-magnet structures, followed by 
the more complex considerations involved in 
small air-gap magnet designs. The use of electrical 
network analogy methods is explored; examples 
support all the design method discussions. 


00 903—Practical Graphs and Nomographs, 
September 1960, 12 pages. Description of the 
various kinds of graphs and nomographs (with 
emphasis on the latter) which can be used to 
record and display data. Specific instructions for 
constructing nomogaphs, including pivoted, un- 
evenly spaced, and “'N”’ types. 


(0 911—Flat-Conductor Flexible Cables and 
Connectors for Flat-Conductor Flexible Cables, 
August and September 1960, 12 pages. Part I 
includes cabling techniques and performance of 
flat-conductor flexible cables. Data are given on 
load-carrying capabilities, crosstalk, r-f attenuation, 
aud on shielding techniques. Part II discusses 
application techniques and describes preferred 
methods for cable termination and connection. 


(J 951—Radiation Effects on Electrical In- 
sulation, September 1960, 7 pages. Basic para- 
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meters of design in relation to the nuclear 
environment are investigated and illustrated in 
respect to the selected materials involved. Elec- 
trical properties of insulating materials and changes 
in these properties due to nuclear radiation 
energies are examined. 


(0 907—Designing Passive and Tunnel-Diode 
Networks, August and September 1960, 14 
pages. The use of modern synthesis techniques 
for realizing prescribed frequency characteristics 
by dissipative passive networks and by amplifier 
networks containing tunnel diodes is described. 
Predistortion and reverse predistortion are ex- 
plained. Examples of uniform and non-uniform 
reverse predistortion are presented. 


(0 901—Function Generators Using the Hall 
Effect, August 1960, 3 pages. The fundamental 
voltage and geometrical relations of the Hall 
effect are presented. The possibility of using the 
Hall phenomenon for angular function generators 
is investigated, and the various potential char- 
acteristics of such generators considered. 


(1 908—Tightening and Testing Torque 
Values for Small Machine Screws, August 1960, 
4 pages. Practical, usable tables giving safe torque 
values for tightening and testing various sizes of 
steel screws in several different metals and 
laminated phenolic. 


(J 950—Magnetic Amplifier Output Circuits. 
August 1960, 5 pages. A straightforward method 
for comparative evaluation of complex reversible- 
half-wave and _ reversible-full-wave magnetic am- 
plifier circuits as building-block arrangements of 
basic half-wave self-saturating circuits. Figures of 
merit are given for over 50 output combinations. 


() 929—Errata Sheet for Basic Differential 
Equations, July 1960 Science & Engineering 
feature. To correct the error affecting Examples 
10 and 12 in this article (pages 100, 101, and 
102). 


(0 944—Control System  Representa- 
tions, December 1959, 3 pages. A chart 
showing seven basic control-system ele- 
ment classifications and their various com- 
mon representations, including transfer 
functions, equivalent analog computer 
circuits, Bode diagrams, Nyquist diagrams 
and time constants. This chart is now being 
included in the combined reprint of the 
recent series on ‘“‘Automatic Control System 
Design’’ (see page 159). 


[] 919—Nuclear Radiation Damage to Tran- 
sistors, July 1960, 9 pages. A report on the effects 
of nuclear radiation on m-base germanium, p- 
base germanium, n-base silicon, and p-base silicon 
transistor types tested in an environment equiva- 
lent to that of a nuclear explosion. The mechan- 
ism of damage is explained and data analysis for 
radiation damage is given in graphs and charts. 


(0 902—Critical Criteria for Precision Gears, 
July 1960, 9 pages. In selecting gear parameters 
for application in control systems and in data 
handling (computers), factors weighed include 
tolerances, gear quality classes, choice of pressure 
angle and of pitch, minimum number of teeth, 
and gear cutting factors. 


(0 931—Relay Field Data Invited for Stand- 
ards Program, July 1960, 7 pages. A report on 
the Eighth National Relay Conference, with em- 
phasis on the objectives and progress of the 
Relay Testing Committee. Five award technical 
papers are summarized. 


(0 934—Distributed-Parameter Networks for 
Microminiaturization, April 1960, 6 pages. An 
exploration of possible network characteristics 
obtainable by the method of sandwiched layers 
of conducting, dielectric and resistive films. By 
employing the distributed network concept, circuit 
performance unobtainable with lumped-parameter 
arrangements can be achieved. 
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Circle 166 on Inquiry Card 


From the line of 147 contact materials 
that Mallory has developed, you can 
be sure of getting the exact combi- 
nation of properties for your job... 
hardness, strength, arc erosion resis- 
tance, conductivity and price. 


These six major groups of materials, 
developed by Mallory metallurgists 
during 40-plus years of contact pio- 
neering, cover the gamut of contact 
applications. Within each group are 
many variations, with pin-pointed 
characteristics: 


Elkonite® Materials . . . standard for 
heavy duty service, high in strength, 
hardness, erosion resistance 


Platinum and Palladium Elkonium® 
Alloys . . . high corrosion resistance, 
low contact resistance 


Silver Semi-Refractory Materials .. . 
high conductivity and good erosion 
resistance 


Silver and Silver Elkonium Alloys... 
high conductivity, low cost 


Tungsten and Molybdenum .. . highest 
in wear resistance, strength and melt- 
ing point 

Copper and Copper Alloys . . . high con- 
ductivity, high strength at low cost 


Mallory Contact Service gives you... 


Materials... choice of 147 different 
contact materials. 


Engineering...value-conscious appli- 
cation assistance. 


Fabrication ... complete, modern 
facilities for contact assembly 
production. 


With this line to choose from, you 
never need to compromise on perform- 
ance and cost. Ask a Mallory engi- 
neer to work with you on selection and 
application. Write to Mallory Metal- 
lurgical Company, P.O. Box 1582, 
Indianapolis 6, Indiana. 





Science & Engineering Reprints 
exsuninithteammauatiaaaaiiaaaattdaimeamaeinceaiameaa> 


Reprints of special Science and Engi- 
neering articles or of compendiums into 
which are combined several separate 
articles on the same or related subjects 
are available at the nominal prices indi- 
cated in each listing. For ordering con- 
venience, use the handy Order Form 
on facing page. Orders must be ac- 
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One-Year S & E Subscription 
Now Available 


( For readers desiring to receive a reprint 
copy of each monthly Science & Engineer- 
ing feature as it appezrs, an annual sub- 
scription is now available. Subscription fee 
for one year (covering 12 monthly S & E 
articles) is $6.00. Annual subscription 
will be processed to start with the current 
month's feature. (Special compendiums 
which are not a part of the S & E series 
are not included in this offer.) $6.00 


(] Wear of Materials—Impact on Design Fail- 
ure, July 1961, 8 pages. A study of the basic 
mechanisms and resistance to wear of materials 
used in engineering design. Types of wear, theory 
and factors affecting wear are investigated. Based 
on the behavior of metals under various environ- 
ments and service conditions, valid conclusions are 
drawn from current research and development for 
the prediction of wear rates and wear resistance. 
Methods for the minimization of wear are also 
presented. $1.00 


(J Vector Analysis, June 1961, 20 pages. The 
powerful methods of vector analysis are fully de- 
veloped on the basis of mathematically exact 
conceptions of vector and scalar functions and 
fields. The true nature and significance of various 
coordinate systems and the usefulness of trans- 
formations, the application of matrix and efficient 
notation systems are demonstrated. Physical ex- 
amples illustrate the methods. Primary vector 
laws such as those of Gauss and Stokes are pro- 
jected fot more profound views of Kirchhoff’s 
laws and Maxwell's equations. $1.00 


[] Engineering Psychology and Human Factors 
in Design, May 1961, 24 pages. Engineering 
psychology is treated as a primary experimental 
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( Heat-Flow Theory and Extended Sur- 
faces for Heat Transfer, 74 pages. An 
authoritative and thorough guide to heat- 
flow analysis, consisting of the five-part 
series of articles, “Extended Surfaces for 
Heat Transfer,’’ February through July 
1961; the article “Bessel and Gamma 
Functions,” January 1961; and the S 
& E series article, “Heat Flow Theory,” 
April 1959. Analytical design methods 
for heat-transfer surfaces in the form 
of fins and spines are covered in 
basic principles and in detail. Far more 
powerful than conventional handbook 
methods, the analysis makes possible opti- 
mal selection of shape and dimensions of 
surfaces. The article on Bessel and gamma 
functions includes tables important to 
heat-flow analysis; the supporting theoreti- 
cal principles are completely developed in 
the basic article on heat flow. $3.00 


research arm of human-factors engineering. The 
relation of man-machine-environment interactions 
to equipment and systems design for optimum 
performance is examined in the following funda- 
mental areas: The Systems Approach, Method- 
ology in Engineering Psychology, Information Sens- 
ing and Processing, Factors in Decision Making, 
Man and the Control Process, Human Vigilance, 
Human Skills as Systems Considerations, Environ- 
mental Stress, and Human Interactions. $1.00 


[J Quantum Electronics, April 1961, 12 pages. 
An introduction to the theory of quantum mech- 
anics written for the electrical engineer concerned 
with its application to solid-state devices such as 
semiconductors. Includes Planck's radiation theory, 
the concept of the Bohr atom and de Bro- 
glie’s hypothesis of the wave-particle duality of the 
electron. The wave equation is related to the 
Schrédinger equation. Among other aspects con- 
sidered are: observables and operators, eigen 
functions and values, the indeterminacy princi- 
ple. $1.00 


(0 Probability, Statistics and the Theory of 
Games, March 1961, 24 pages. Basic patterns, 
laws and mathematical models revolving around 
the theory of probability fundamental to any 
field of application: permutations and combina- 
tions, probability of events occurring in a sample 
space, distributions, random variables, the Law of 
Large Numbers, averaging, estimation, random 
processes, correlation theory, spectral analyses, 
the Gaussian process, construction of tests, games 
theory. $1.00 


( Casting Resins and Application Tech- 
niques for Embedment, Encapsulation, 
and Impregnation, 44 pages. A compen- 
dium of seven articles on the above sub- 
ject published in these pages during the 
period 1958-61. Articles deal with vari- 
ous aspects of the subject, and are particu- 
larly concerned with problem areas such 
as insulation systems compatibility and 
thermal conductivity. A bibliography of 
articles on the overall subject of electrical 
insulation and dielectrics published in 
1959 and 1960 is included. $1.00 


() Fundamental Nature of Electrical Break- 
down, February 1961, 20 pages. The phenome- 
non of electrical breakdown is examined in its 
various aspects, beginning wth classical theories 
of mechanisms of breakdown and concluding with 
consideration of the influence on breakdown of 
the nature of the dielectric (primarily electron 
behavior and molecular structure). Practical de- 


sign implications are drawn from theoretical dis- 
cussion; physical illustrations and analogies are 
used, in addition to mathematical derivations. 
Basic concepts discussed are drawn from phenom- 
ena of breakdown in gases—applicable to explana- 
tion of breakdown in liquids and solids. $1.00 


(0 Introduction to Network Synthesis, January 
1961, 20 pages. Basic characteristics of network 
synthesis are presented and synthesis for optimum 
results and exact solutions is demonstrated. Fre- 
quency-domain synthesis of passive lumped-constant 
networks is stressed. Includes synthesis of simple 
driving-point functions by recognition, realiza- 
bility conditions of network functions, approxi- 
mation of a given curve by an appropriate rational 
function, related problems. $1.00 


(J Electrical Insulation Deterioration, Decem- 
ber 1960, 8 pages. Nature of thermally accelera- 
ted deterioration of electrical insulation (and 
other organic materials, such as plastics) dis- 
cussed from viewpoint of practical design en- 
gineering parameters. Among other aspects, re- 
lationship between deterioration process and 
equipment and systems reliability is ee s 

-00 


(0 Semiconductor Electronics, 44 pages 
plus cover. A complete reference work 
for the engineer interested in the theory 
of operation of semiconductor diodes and 
transistors and in the design of circuits 
involving such devices. Beginning with a 
discussion of solid-state physics, this series 
of six articles proceeds to a detailed de- 
scription of junction diodes and trans- 
istors, their construction, and their work- 
ing characteristics. Procedures for the 
analysis of transistor networks and the 
design of amplifier and switching circuits 
are given. $2.00 


(0 Electrical Noise, November 1960, 20 pages. 
Major types and origins of electrical noise, and 
the effects of noise on system behavior. Examples 
given of techniques for evaluating system per- 
formance in terms of noise sensitivity and reduc- 
tion. Emphasis on concept of noise as a random 
process, as distinguished from systematic or peri- 
odic interference. $1.00 


(] Number—The Language of Engineering, 
October 1960, 16 pages. The theory of numbers 
is concerned with the properties of integers and 
is used by the engineer for a wide range of 
problems, such as: the use of the sawtooth 
function to synthesize all types of discontinuous 
waveforms, the representation of an integer as a 
sum of squares, etc. $1.00 


( The Nature and Control of Corrosion, 
September 1960, 12 pages. A basic study of the 
causes, mechanics and chemistry of corrosion. 
Methods for prevention are outlined. Design 
considerations and types of materials and treat- 
ments are interpolated for control of specific types 
of corrosion encountered in engineering design. 

$1.00 


[] Microwaves—Principles and Devices, Au- 
gust 1960, 24 pages. Basic laws and equations 
of electric and magnetic fields. Propagation of 
microwaves in various media, including two- 
conductor, round and square waveguides. Princi- 
ples are applied to the design and use of the 
slotted line, the dummy load, rotary joints, and 
preselectors. $1.00 


C) Basic Differential Equations, July 1960, 20 
pages. First-order differential equations (method 
of separation of variables, the integrating factor, 
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homogeneity), higher-order differential equations 
(the differential operator, non-homogeneous equa- 
tion, Picard’s method, solution of equations with 
variable coefficients by power series). Application 
to basic mass-spring-damper system throughout, 
with examples. $1.00 


(] Electrical Analogs for Mechanical Systems, 
June 1960, 20 pages. System parameters of 
dynamic states of mechanical systems are trans- 
lated into electrical network equivalents. Reas- 
oning behind the analog approach and the various 
analog forms. Included are discussions of the 
principle of duality of analog, reasons for choos- 
ing a circuit or its dual for a particular analysis, 
and the use of distributed-parameter networks 
(long lines) to simulate certain mechanical ele- 
ments. $1.00 


() Introduction to Molecular Engineering, May 
1960, 20 pages. An examination of the concept, 
principles and techniques of molecular engineer- 
ing in terms of its ultimate use in design of 
equipment and systems. Part I defines molecular 
engineering as the application of molecular be- 
havior to the design of materials and devices of 
prescribed characteristics. Part Il examines the 
elements of the classical macroscopic approach 
to the behavior of materials as well as the micro- 
scopic or molecular approach. Part Ill provides 
extended examples of molecular engineering in 
the areas of electrical insulation, microwave 
amplifiers, thin-film devices and microminiature 
electronics function blocks. $1.00 


[) Logic—and Switching Circuits, April 1960, 
36 pages. The fundamental principles of logical 
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reasuuing, contained in Aristotle’s syllogism, de- 
veloped into the Boolean algebra and the logis- 
tics of the Principia Mathematica, and applied in 
circuit design and computer programming, are 
developed. The basic postulates are tabulated in 
their verbal, algebraic, diagrammatic, and circuit- 
schematic form. The article deals with methods 
applied to solve the problems of circuit synthesis 
and the fundamental ideas which can be applied 
to design of the most complex circuit. $1.00 


(0 Infrared—Fundamentals and Techniques, 
March 1960, 28 pages plus cover. Basic principles 
of radiation and detection (including Wien's 
Law, Rayleigh-Jeans Law) are explained. Effect 
of infrared on metals, ionic crystals, and semi- 
conductors. Various types of sources, windows, 
prisms, detectors, and spectrographs are discussed 
qualitatively. Also includes theory of use of infra- 
red in practical applications. $1.00 


() Thermoelectric Effects, February 1960, 16 
pages plus cover. Basic theories as developed by 
Seebeck, Peltier and Thompson (Kelvin) are 
brought up to date in the light of new semi- 
conductor thermopile compounds. Thermo- 
electricity is discussed from free-electron and ther- 
modynamic points of view. Four basic applica- 
tions of thermoelectric phenomena are considered: 
power generation, heating, cooling and tempera- 
ture sensing. $1.00 


(1) Network Analysis, January 1960, 28 pages 
plus cover. A discussion of present-day practices in 
network engineering and their theoretical back- 
ground. Network theory as a coherent and unified 
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(0 Ring Binder for Science & Engineer- 
ing Reprints. Readers who want to keep 
their reprint copies of the monthly Science 
& Engineering feature both safe and 
handy will want this maroon-colored 
binder made of flexible, Morocco-grained 
leatherette stamped in gold. The standard 
1\%4-in. rings will accommodate about 
twenty S & E reprints. $2.50 


study is stressed, as contrasted with the less power- 
ful and less useful traditional approach to cir- 
cuits which involve isolated and unrelated 
“‘methods” of analysis. $1.00 


(J Determinants and Matrices, December 1959, 
20 pages plus cover. The principles treated apply 
to all problems involving numerous mathematical 
statements. Included are specific rules for the 
use of determinants for solving systems of simul- 
taneous equations, including refinements of the 
basic procedures to apply to higher-order systems, 
and the underlying principles of matrix algebra. 
Examples demonstrate the time- and error-saving 
advantages of these two forms of mathematical 
shorthand. $1.00 


(0 Sampled-Data Systems, November 1959, 20 
pages plus cover. An introduction to the analysis 
of closed-loop control systems in which the 
input or error signal is periodically sampled 
(rather than continuously connected) as by a 
sampling switch. Presents impulse-response, fre- 
quency-response, p-transform and z-transform 
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.. . We'll put them together for you 


When you are choosing materials for new designs, or 
when conducting value analysis on existing products, don’t 
compromise.on the qualities the parts must have. If you are 
now using single metals or alloys, chances are you're 
compromising. 

For example, if you need thermal and electrical con- 
ductivity, and springiness, no one metal can give you the 


optimum in all three requirements. 

That’s where MULtiLAYER clad metals fit into the 
picture. We will give you a spring steel base material with 
a layer of copper clad to it and will weld and coin a gold 
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contact ball onto the blade for electrical conductivity. 
Besides giving you more beneficial engineering properties, 
MULtiLAYER will probably save you money because 
you will need less precious metal. 

MULtiLAYER,, with its hundreds of possible combina- 
tions, gives you another modern material. Take advantage 
of it. WRITE for our general catalog, GP-1B, which 
describes this material in more 
detail and illustrates many 


thought-provoking applications. 
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THERMOSTAT METAL 
APPLICATIONS 
IN YOUR PRODUCT 


Without cost or obligation to you, a 
qualified engineering team from our 
Applications Engineering Department 
will call at your convenience . . . show 
you how you can cut costs . . . increase 
your production rate . . . improve prod- 
uct quality . . . performance .. . and 
reliability. They will also offer technical 
advice, design assistance, and help deter- 
mine methods of applying thermostat 
metals in your particular application. 


By modifying a part, this team recently 
helped a circuit breaker manufacturer 
cut his thermostat metal part cost by 
Ya. The modification took advantage of 
wider strip to allow cross-grain blanking 
with a reduction of scrap. 


Concentrating over 50 years of ther- 
mostat metal experience, this depart- 
ment, with its lab and sample service 
groups, is ready to help you, too. 


Interested? Wire or call collect to 
Manager, TRUFLEX Applications 
Engineering, or write today describing 
briefly your particular problem and 
results desired. 


METALS & CONTROLS INC., 
1907 Forest Street, Attleboro, Mass. 
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methods. Shows how to plot Nyquist, Bode and 
root locus diagrams with z transforms. Use of 
the normalized sT plane for analyzing sampling 
adequacy, ‘“‘pseudo-sampling’”’ for determining 
between-sample response and the use of the z 
transform for table-generating function. $1.00 


[} Low-Noise, Solid-State Microwave Ampli- 
fiers, October 1959, 16 pages plus cover. Basic 
quantum mechanical principles underlying the 
operation of paramagnetic MASER amplifiers (in- 
cluding ammonia gas, two-level solid state, three- 
level solid state and optically pumped devices) 
and parametric MAVAR amplifiers (both semi- 
conductor and ferromagnetic types) plus a brief 
introduction to the tunnel-diode amplifier. $1.00 


() Digital Methods in Measurement and Con- 
trol, September 1959, 20 pages plus cover. 
Covers: (1) characteristics and advantages of 
the digital approach; (2) basic principles of 
coding, sampling and quantizing; (3) digital 
components and techniques for logic and infor- 
mation storage; (4) digital measurement devices; 
(5) digital control actuators $1.00 


[] The Fundamental Properties of Plastics, 
August 1959, 16 pages plus cover. The funda- 
mental science of polymeric materials is related 
to design engineering properties of plastics. Dis- 
cussion covers: the molecular formation of poly- 
mers; the chemistry of addition and condensation 
polymers; the theoretical basis for mechanical, 
electrical and chemical properties of polymers. 
$1.00 


(1) The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 pages plus 
cover. Contents include discussions of the follow- 
ing: Electrostatics; Electric Fields in Free Space; 
Electric Induction; Capacitance; Mechanical Con- 
siderations; Field Effects in Devices. $1.00 
[) The Fundamental Nature of Shock and 
Vibration: Theory, Character, and Mechanism 
of Damage, Principles of Testing, June 1959, 


20 pages plus cover. The major types of vibration 
are discussed (periodic, random, structural and 
airborne); also the major types of shock (velocity, 
simple impulse, single complex and multiple) . 
A section is devoted to the effects of shock and 
vibration on missile electronic components. Types 
of damage are analyzed; principles of testing 
given; specifications summarized. $1.00 


[) Key to Metals in Design Engineering, May 
1959, 24 pages. Basic principles of metallurgy 
and structural characteristics of metals are related 
to design concepts. The effects of environment 
and mechanisms of damage are illustrated. Iron 
and steel, aluminum, precious and rare metals, 
copper, nickel and magnesium are presented in 
their basic design relationships to fundamental 
properties. $1.00 


(0 Heat Flow Theory, April 1959, 20 pages. 
Basic equations for conduction, convection and 
radiation are derived. Dimensional analysis used 
to establish the parameters and the various “‘num- 
bers’ (Reynolds, Prandtl, Nusselt, Graetz, etc.) 
involved in convection expressions. Examples 
chosen from electrical and electronic (transistor) 
applications. $1.00 


[] Fundamentals of Ferromagnetism, March 
1959, 32 pages. A new approach to the study 
of magnetism, derived from modern solid-state 
physics. Includes: Origins of Ferromagnetism; 
Internal Structure of Ferromagnetic Materials; 
Magnetization Curves; Time Effects in Soft Mag- 
netic Materials; Effects of Atomic Ordering in 
Alloys; Interactions for Heterogeneous Systems. 

$1.00 


[7 Using Fourier Analysis in Design, February 
1959, 16 pages. A thorough theoretical back- 
ground on Fourier analysis is presented plus 
a discussion of the areas of application with 
specific examples to point up particular problems 
often encountered. Permits system devices to be 
designed or selected for a particular transient 
performance on basis of steady-state sinusoidal 
action. $1.00 
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[] Electrical Insulation—1960, December 1960, 
52 pages, special Research and Application Re- 
nort. Contains three major articles: Dynamic 
Mechanical Properties of Plastics Dielectric Ma- 
terials, Advances in Flexible and Semi-Rigid 
Electrical Insulating Materials, and Research Prog- 
ress in Dielectrics—1960. Plus: other articles 
on ultrathin films, capacitor dielectrics, European 
application practice, international standards, in- 
sulation application problems and trends. Offered 
in combination with regular December 1960 
Science & Engineering article, Electrical Insula- 
tion Deterioration. $2.00 


[] The Forum: Computing Machines in Con- 
trol Systems, 44 pages. A compendium of the 
following articles: ‘Computing Machines in 
Control Systems—Blocks to Communication and 
Basic Principles’ (December 1960); “Analysis 
of Numerical Control Systems,"’ a functional 
description of 36 representative numerical control 
systems displayed at the Chicago Machine Tool 
Exposition—1960 (November 1960); ‘Machine 
Tool Control—Principles of Data Processing in 
Numerical Control of Machine Tools,” plus a 
panel discussion of the subject by experts from 
the various disciplines involved in the synthesis 
and use of machine-tool control systems (March 
1961). Includes also a comprehensive one-page 
Bibliography. $2.00 


(] Digital Computing Machines, October 1960, 
24 pages. The fundamental functional components 
of digital computing machines. Glossary of term- 
inology. Tabulation of special world-wide survey 
of digital computing machines presents essential 
characteristics of digital computing machines in 
production and in advanced stages of development. 
Principles of operation and application for design 
engineers. $1.00 


([] Transformer Materials for Extreme Environ- 
ments, March, April, May and June 1960, 28 
pages. A series of four articles interpreting re- 
search and development on small transformers 
designed to operate under extreme environments 
of 500 C temperature and nuclear radiation. Work 
carried out under Air Force and Bureau of Ships 
contracts presents data on: electrical insulation 
materials, magnet wire (both wire and insula- 


tion), magnetic core materials, and transformer 
structural materials $1.00 
[] Automatic Control System Design, 64 pages 
plus cover. A_ practical textbook on _ the 
design of servomechanisms. In the process of 
descr:bing design by transfer function, system 
equation, and root-locus methods, techniques of 
analysis such as Bode diagrams, Routh’s criterion, 
and Nyquist plots are also presented. Includes 
background material on complex variables and 
Laplace transforms, bibliography for further study. 
Originally published in these pages as a series 
of six articles. $3.00 


[) Engineering Applications of Boolean Alge- 
bra, 68 pages. A design guide to the analysis and 
synthesis of switching circuits and logic systems— 
both combinational and sequential—in any me- 
dium: mechanical, electrical, hydraulic, electronic 
or solid state. Includes five previously published 
articles plus an added appendix. $2.00 


(0 Slide Rule Mathematics, 20 pages, plus 4 
practice slide rules printed separately. Logical 
development of the slide rule’s fundamentals and 
complete concise instructions for its use. Major 
topics include: The Basic Slide Rule; Variations 
on Basic C-D Operation; Trigonometry; The Log- 
Log Scales; Vector Diagrams; Hyperbolic Func- 
tions; Phasor Calculations; The Circular Slide 
Rule. $1.00 


0 JIC Electrical Standards for Indus- 
trial Equipment, June 1957, 24 pages. 
Revised specifications for application of 
electrical apparatus to machine tool and 
other industrial equipment, as adopted by 
the Joint Industry Conference held in 
Detroit, March 1957. Single reprints, 
$1.00. Multiple quantities may be ob- 
tained at the following prices: 5—$3.75; 
10—$6.00; 25—$12.50; 50—$20.00; 
100—$30.00. Send check with order 
payable to ELECTRO-TECHNOLOGY, 205 
East 42 St., New York 17. 





LITERATURE for the Design Engineer 


All-new listings of manufacturer’s literature just off the press . . 


. including 


catalogs, manuals and other reference publications relating to components 


and materials for designed-in use in electrically energized end products. 


MILLIWATT TRANSISTORS 
Four-page Brochure DS-4009 presents 
detailed information on high-voltage, 
high-gain 2N1186, 2N1187, and 2N1188 
transistors for audio and _ switching 
applications. Listed are ratings and 
thermal ranges along with characteris- 
tic curves. Motorola Semiconductor 
Products, Inc., 5005 E. McDowell Rd., 
Phoenix 10, Ariz. 

Circle 756 on Inquiry Card 


SUBMINIATURE CERAMIC 
CAPACITORS 
Bulletin L-1, six pages, gives properties 
of capacitors made from one of thirteen 
ceramics, lists range of capacitance 
values. Ceramic properties result in 
capacitances from 1 to 1500 pf in a 
0.100-in. by 0.090-in. thick size. Ter- 
minal arrangements are illustrated, such 
as radial leads, and three styles of 
standoffs. Mucon Corp., 9 St. Francis 
St., Newark 5, N. J. 

Circle 757 on Inquiry Card 


SOLID-STATE D-C AMPLIFIER 


Bulletin 101A, two pages, describes 
Type 101A amplifier rated at +10 
volts at 10 ma output. Unit will drive 
capacitive load to 5 uf. Bulletin lists 
operational and environmental _per- 
formance, electrical requirements. Neff 
Instrument Corp., 1088 East Hamilton 
Rd., Duarte, Calif. 

Circle 758 on Inquiry Card 


MINIATURE BRONZE BEARINGS 


Catalog 461, 18 pages, presents infor- 
mation on precision sintered bearings. 
Flanged and sleeve bearings are listed 
in bore ranges from 0.025 to 0.3127 in. 
Units are vacuum impregnated for lub- 
rication. Northfield Precision Instru- 
ment Corp., 4400 Austin Blvd., Island 
Park, N. Y. 

Circle 759 on Inquiry Card 


SLIP RINGS AND 
MECHANICAL DEVICES 


Brochure, four pages, reviews standard 
and custom-designed components for 
commercial and military use. Devices 
include rotary switches, digital encoders 
and brush and commutator assemblies. 
Gives detailed information on mechani- 
cal ratio changer. Occo Mfg. Corp., 8 
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Romanelli Ave., So. Hackensack, N. J. 
Circle 760 on Inquiry Card 


WIREWOUND RESISTORS 


Six-page, two-color catalog covers line 
of miniature resistors. Features section 
on terms and definitions relating to 
wirewound resistors, includes drawings 
and electrical specifications on 20 
standard axial-lead and printed-circuit 
units. Ortho Precision Resistors, Inc., 
7 Paterson St., Paterson 1, N. J. 

Circle 761 on Inquiry Card 


SEMICONDUCTOR TEST SETS 


Brochure, four pages, describes test sets 
for use in circuit design and quality 
control of transistors and diodes. De- 
scribes line of testers, parameters that 
can be measured by each unit; lists 
specifications and features of each test 
set. Owen Laboratories, Inc., 55 Beacon 
Place, Pasadena, Calif. 

Circle 762 on Inquiry Card 


ADJUSTABLE PRESSURE SWITCHES 


Bulletin E8, two pages, describes leak- 
proof pressure and differential switches 
for use in fluid systems operating to 
250 psi. Includes photographs and draw- 
ings of units, description of construction 
and operation, accessories available. 
Pall Corp., 30 Sea Cliff Ave., Glen 
Cove, N. Y. 

Circle 763 on Inquiry Card 


AUDIO OSCILLATOR MODULE 


Single-page data sheet describes 4-0z 
Model 101 audio oscillator that has 
frequency range of 20 cps to 12 ke. 
Frequency drift less than 1 per cent 
from —25 to +50 C. Operating voltage 
is 6 to 22.5 volts d-c; Henry Francis 
Parks Laboratory, P. O. Box 1665, Lake 
City Station, Seattle 55, Wash. 

Circle 764 on Inquiry Card 


PULSE TRANSFORMERS 


“Datapulse” catalog, eight pages, pre- 
sents basic technical data related to 
pulse transformers. Information is in- 
cluded on winding ratios, equivalent 
circuits, transformer equations and in- 
ductance and resistance charts. PCA 
Electronics, Inc., 16799 Schoenborn St., 
Sepulveda, Calif. 

Circle 765 on Inquiry Card 


CABINET RACKS 


Catalog 61, 36 pages, contains data on 
line of console assemblies, racks and 
housings for electronic equipment. In- 
cluded are illustrations, descriptions 
and complete specifications on all units. 
Par-Metal Products Corp., 32-62 49 St., 
Long Island City 3, N. Y. 

Circle 766 on Inquiry Card 


HYDRAULIC SEALS AND PACKINGS 


Catalog, eight pages, presents operat- 
ing features and advantages of line of 
solid urethane hydraulic seals. Lists 
standard seals, tolerances; describes 
installation procedures and_ require- 
ments. Pellon Corp., 510 S. Fulton Ave., 
Mt. Vernon, N. Y. 

Circle 767 on Inquiry Card 


CONSTANT-VOLTAGE TRANSFORMER 


Data sheet, two pages, describes trans- 
formers for filament, plate and transis- 
tor voltages. Output voltage tolerance 
is +3 per cent for line variations of 
+15 per cent. Rated to 1.5 kva, units 
offer protection against short circuits. 
Permavolt Transformers, Inc., 1619 
Marion St., Grand Haven, Mich. 

Circle 768 on Inquiry Card 


ELECTRONIC CONTROLS 


Bulletin 611, 22 pages, presents infor- 
mation on electric eye applications. 
Components and systems are described, 
accompanied by dimensions and illus- 
trations. Photomation, Inc., 96 So. 
Washington Ave., Bergenfield, N. J. 
Circle 769 on Inquiry Card 


HUMIDITY TRANSDUCER 


Brochure, four pages, describes electric 
hygrometric circuit element which 
senses change in relative humidity by 
changes in ohmic resistance. Unit senses 
entire humidity range, features rapid 
response time, low hysteresis loss. Phys- 
Chemical Research Corp., 40 E. 12 St., 
New York 3. 

Circle 770 on Inquiry Card 


SOLID-STATE DIGITAL TOTALIZERS 

Four-page Bulletin D-212-A describes 
Models 521 and 522 totalizers which 
utilize printed-circuit plug-in subas- 
semblies and operate at temperatures to 
160 F. Included are specification tables 


ELECTRO-TECHNOLOGY 





Take a close look at this new limit switch! | 


THE NATIONAL 
ACME COMPANY 
176 E. 131st STREET 
CLEVELAND 8, OHIO 


Sales Offices: Newark 2, N. J., Chicago 6, Ill., Detroit 27, Mich. 
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for each model, dimensional data and 
a frequency characteristic curve. Potter 
Aeronautical Corp., U.S. Route 22, 
Union, N. J. 

Circle 771 on Inquiry Card 


RESISTOR-NOISE TEST SET 


Brochure 315, four pages, discusses 
theory relating to resistor noise, para- 
meters of noise generation, and prob- 
lems of accurate noise measurement. 
Includes specifications of Model 315 
resistor noise test set and principles of 
operation. Quan-Tech Laboratories, Inc., 
Boonton, N. J. 

Circle 772 on Inquiry Card 


SUBMINIATURE ELECTRON TUBES 


Catalog 5700, 12 pages, present detailed 
information on line of filamentary tubes 
for industrial and military applications. 
Complete specifications are given; in- 
cluded are sections on quality-control 
procedures used in tube manufacture 
and key to base and envelope connec- 
tion diagrams. Tubes are diodes, triodes, 
pentodes. Raytheon Co., 55 Chapel St., 
Newton 58, Mass. 

Circle 773 on Inquiry Card 


R-F NOISE SUPPRESSORS 


Brochure, four pages, presents infor- 
mation on noise suppressors for switch- 


ing; options are SPST, DPST, SPDT or 


DPDT. Rated at 0.25 amp inductive at 
28 volts d-c; operating temperature 
range is —65 to +125 C. Relcoil Prod- 
ucts Corp., Spring St. & Route 75, 
Windsor Locks, Conn. 

Circle 774 on Inquiry Card 


VARIABLE-SPEED DRIVES 


Catalog G-100, 90 pages, provides in- 
formation on mechanical, variable-speed 
drives from fhp to 40 hp. Included is 
section describing design criteria con- 
sidered in drive selection. Lists formu- 
lae, conversion factors and accessories; 
dimensioned drawings are presented. 
Reliance Electric & Engineering Co., 
Cleveland 17, Ohio. 

Circle 775 on Inquiry Card 


TEMPERATURE-MEASUREMENT 
BRIDGE 


Bulletin 86012. six pages, describes 
resistance bridge which compensates 
for variable-resistance temperature 
probes in measurement applications. 
Bulletin presents operational theory, 
schematic diagrams, and specifications 
for the multi-channel unit. Rosemount 
Engineering Co., 4900 W. 78 St., Min- 
neapolis 24, Minn. 

Circle 776 on Inquiry Card 


DELAY FILTERS 


Two-page Data Sheet PPC presents in- 
formation on delay filters for high- and 


low-passband applications. Cut-off fre- 
quencies are 270 cps, 2.0 and 3.15 kc; 
input and output impedances are 600 
ohms. Filters are hermetically sealed. 
SEG Electronics Co., Inc., 12 Hinsdale 
St., Brooklyn 7, N. Y. 

Circle 777 on Inquiry Card 


EXPANDED METALS 


Catalog 61, 34 pages, illustrates ex- 
panded-metal designs; lists weight, di- 
mensions, percentage of open area, and 
materials available. Sections on trade 
terminology, finishes and fabrication are 
accompanied by illustrations. Designers 
Metal Div., Southern Electric, Inc., 
8701 So. Greenwood Ave., Chicago 19. 

Circle 778 on Inquiry Card 


VINYL A-F/R-F SHIELDING 


Data sheet, two pages, provides infor- 
mation on liquid conductive vinyl 
that provides shielding at audio and 
radio frequencies. Material is applied 
by brushing or dipping. Weight is less 
than 5 per cent of standard equivalent 
shielding. Spectra-Strip Wire & Cable 
Corp., P.O. Box 415, Garden Grove, 
Calif. 

Circle 779 on Inquiry Card 


SPECIAL PULSE GENERATOR 


Engineering Bulletin 90, 100, two 
pages, describes Model 1W2 calibrator 
for measuring volt-second areas of volt- 
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New! Space savingest relay 
you've ever seen: New 
Cutler-Hammer Compact 300° 


Cutler-Hammer’s new, versatile 300 volt 6 amp., 
industrial control relay is so reliable it’s permanently 
sealed. Bifurcated contacts add even more millions 


of operations. 


So compact you can get 8 circuits in a panel space 
only 2” wide by 234” high. 2, 3, 4, 6, 8 poles with any 
combination of N.O. or N.C. contacts available. Add 
new “mechanical memory” latch at any time. Same 
life as relay. Get full details in PUB. ED-L079-N231. 


WHAT’S NEW? ASK.. 


CUTLER- HAMMER 


Cutler-Hammer inc 
Hammer inter nation a 
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Milwaukee Div: iedorn Subdsidia 
C. A. Associates: Can agian. Cu tier owner Ltd.; Cutter-Hammer Mex cana a x 


instruments Laboratory « 
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NEW BORG MICROPOT 
sess, POTENTIOMETERS 


* 100 Ohms to 200K Ohms Resistance... 
* Meet Full Range of Military Specifications... 


stom | Ma Ml 4 NEW SINGLE-TURNS 


Feel the fine construction by turning the shaft . . . action 
is smooth, continuous . . . a feel of jeweled precision. See 
the extra strong design in the one-piece aluminum housing 
and front bearing mount. Note the rear covers fit precisely 
into machined shoulders to seal out dirt, vapors, corrosive 
atmospheres according to applicable mil specs. 


Color-coded terminals are gold-plated for perfect solder- 
ability, corrosion-free shelf life. Element ends and terminals 
are welded to prevent loosening during application. All 
models are wirewound and linear. Standard bushing mounts 
have life-time lubricated sleeve bearings; standard servo 
mounts have two precision ball bearings. Precious metal 


a contact and collector surfaces minimize noise, contact re- 
” Dia. 


2480 Series a / ih sistance and thermal effects over a long, trouble-free life. 
% Complete data is yours by return mail. 


1-7/16” Dia. 
2460 Series 


ago sene® 

yoo vo 2008 
5 

42 5Po t° , OK 


+ %Plo ove 
4-\25 


7/8” Dia. 
2440 Serjes 


BORG 


WRITE FOR 
DATA SHEETS OR 
CONTACT YOUR NEAREST 
BORG TECHNICAL 
REPRESENTATIVE 
Amphenol-Borg Electronics Corporation 
Janesville, Wisconsin © Phone Pleasant 4-6616 


Micropot® Potentiometers * Microdial® Turns-Counting Dials * Sub-Fractional Horsepower Motors * Frequency and Time Standards 
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age pulses. Describes theory of opera- 
tion, includes schematic diagrams, 
characteristic curves, and specifications. 
Sprague Electric Co., No. Adams, Mass. 

Circle 780 on Inquiry Card 


SOCKET SET SCREWS 
Technical Bulletin 2067, eight pages, 
reviews high-torque set screws for 
torsional fastening applications. Re- 
views performance, includes 
microphotographs; tabulates holding 
power for various screw points, com- 
paring knurled point with other stan- 
dard types. Standard Pressed Steel Co., 
Box 901, Jenkintown, Pa. 

Circle 781 on Inquiry Card 


PULSE TRANSLATOR 


Bulletin SS361, four pages, describes 
Model ST-150 pulse-to-step converter 
for programmed positioning and index- 
ing applications. Speeds to 400 steps 
per sec are attainable upon command 
from magnetic tape or punched cards. 
Power input requirement is 120 volts 
a-c at 0.5 amp. Superior Electric Co., 
83 Laurel St., Bristol, Conn. 

Circle 782 on Inquiry Card 


EPOXY-GLASS LAMINATE 


Bulletin EGL-100, four pages, describes 
two grades of laminate that exceed 
NEMA G-10 and FR-4 grades and meet 


screw 


MIL-P-18177B. Includes tabulated 


= ae 
Wea Sas 


chart ot properties for each grade, 
applicable ASTM test condition for 
values specified. Laminates are sup- 
plied in several sheet thicknesses. 
Swedlow, Inc., Box 2324, Youngstown 
9, Ohio. 


Circle 783 on Inquiry Card 


SUBMINIATURE ELECTRON TUBES 
Booklet ET-3203, 20 pages, offers in- 
formation on  improved-performance 
tubes and recent developments in tube 
design. Paper, presented at AIEE meet- 
ing, includes curves, photographs and 
sketches to supplement text. Sylvania 
Electric Products, Inc., Emporium, Pa. 
Circle 784 on Inquiry Card 


COPPER-CLAD LAMINATES 


Six-page Brochure $1059-5M describes 
clad laminates for printed-circuit use 
that meet MIL-P-13949B. Includes in- 
formation on sheet sizes, thicknesses, 
tolerances and _ physical properties. 
Paper-base, glass-epoxy and flame-re- 
tardant types are covered. Synthane 


Corp., Oaks, Pa. 
Circle 785 on Inquiry Card 


TRIMMING POTENTIOMETERS 

Single-page data sheet reviews minia- 
ture Series 100, 150 and 175 potenti- 
ometers that operate in temperature to 
150 C, meet applicable portions of 
MIL-E-5272C. Resistance ranges from 


eliminates the scrap 


The part shown is a magnet body for an electro- 
magnetic clutch. Because of the required 
magnetic properties, uniform wall density is 
highly critical. Previously, therefore, it was 
necessary to machine the entire part. The 
Amplexologist, however, designed it to be 
produced as a finished, precision powder metal 
part which requires no machining; and through 
advanced density control held specified mag- 
netic properties, even in the counterbore. 


Approximate saving, 94%. 


f ‘ 


AMPLEX 


DIVISION 

CHRYSLER 
CORPORATION 

DETROIT 31, MICHIGAN 


_—~ = 


SEND FOR THE SECRET 
OF THE 


AMPLEXOLOGIST’S SUCCESS 


qT ENGINEERING MANUAL 
45 pages of technical information: How 
to determine correct applications for 
powder metal parts, bearings, filters. 
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10 ohms to 35 k ohms; rating is 0.75 
watt at 50 C. Units weigh 1 gm max. 
Techno-Components Corp., 18232 Par- 
thenia St., Northridge, Calif. 

Circle 786 on Inquiry Card 


FREEZING-POINT STANDARD 


Data Sheet 500, two pages, furnishes 
information on unit that provides means 
of reproducing points on temperature 
scale for calibration of temperature 
sensing devices. Standard samples are 
supplied in ultra-pure crucibles, her- 
metically sealed to prevent contamina- 
tion. Temptron, Inc., 7030 Darby Ave., 
Reseda, Calif. 

Circle 787 on Inquiry Card 


SLIP RINGS AND CONTACTS 
Technical Data Bulletin CON-14 de- 


scribes several types of slip rings, lists 
various methods of manufacture. 
Bulletin CON-13 presents information 
on ball-welded electrical contacts that 
are precious-metal-plated. Metals & 
Controls Inc., Div. of Texas Instru- 
ments Inc., 34 Forest St., Attleboro, 
Mass. 

Circle 788 on Inquiry Card 


PYROMETER INDICATOR 

Catalog 64-1, four pages, describes in- 
dicator which is capable of making 
pyrometric or direct temperature 
measurements. Unit also calibrates 


NEW BEARING STOCK LIST 
20 pages. 1066 standard sizes of Oilite self- 
lubricating bearings— bearing material. 
Selection guide, engineering data. 
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ENGINEERING NEWS-#8 


SIX PUSHBUTTON SWITCHES 


SUB- SUBMINIATURE 


B7000 is only '%,” diameter, 1%,” total length. 
Available with a bushing or flange mounting. 
Flange can be engraved. Anodized aluminum 
case, plastic plunger cap and solder lugs. Rated 
1 amp at 28 VDC. The perfect pushbutton for 
subminiaturized instruments and control panels. 


MOISTURE-PROOF, 6 CIRCUIT TYPES 


W100 is available at S.P.S.T. (N.O. or N.C.), 
S.P.D.T., 2-circuit, and 3-terminal (N.O. or N.C.). 
Designed to MIL-S-6743, MS-25089. Completely 
moisture-proof and enclosed in anodized alumi- 
num case with silicon rubber boot. Available 
with any of 8 mounting adapters (Adapter P 
shown) to meet any mounting or panel require- 
ment. Rated 10 amps at 28 VDC resistive. ACTUAL SIZE 


snd-- 


LOW COST, U.L. LISTED w100 


B2000 series switches are considerably smaller 
than standard 4% amp momentary pushbuttons, 
yet cost much less and actually are U.L. rated 
at 8 amps, 120 VAC. Select S.P.S.T. circuit either 
N.O. or N.C., with solder lugs or pigtail leads. 
Mounts in 44” dia. hole. 


uoiNnc 


WITH OR WITHOUT LIGHT 


WC1500 is a very small moisture-proof switch 
(designed to MIL-S-6743) with a minimum life of 
25,000 operations at rated load. Available with 
or without indicator light in pushbutton, and 
rated at 2 amp ind. or 4 amp res., 28 VDC. 
D.P.D.T. or 4-circuit. Mounts in %” diameter 
panel hole. 


: 
0 
© 
” 


MOISTURE-PROOF, ALTERNATE ACTION 


J3136 is a new moisture-proof switch —— 
designed for military ground support and aircra 

equipment. Two-circuits, rated at 5 amp ind. or 
10 amps res. at 28 VDC: 5 amp (.75 P.F.) ind. or 
10 amp res. at 120 VAC. Life is 25,000 opera- 


tions min. at rated load. Anodized aluminum The switches shown above are merely samples from 
ith solder lug t ls, and 8 styles of 
mounting adapters available. Mounts in %" dia. the full line of CONTROL SWITCH pushbuttons. 
hole. Perhaps one of these is a solution to a switching 
problem you face. If not, write for your free copy of 
20 AMPS., PUSH-PUSH CATALOG 100 for details on the wide range of 


3108 2 a SPS. switch sated 28 expe son. sf switches available, including basic switches, toggles, 
; amps res. a . Ruggedly . a he . 
built to give compactness and durability under lighted pushbuttons, indicator lights and many 


crictical operating conditions. Weighs only 1 oz. other types. 
Total plunger travel is only 4%”. Overall size: 1” 
diameter, 2'%,” long. 


CONTROLS COMPANY OF AMERICA 
Manufacturers of a full line of switches, controls and indicators Cc O N o R O L Ss W ! T C H D ! V ! Ss 1 Oo N 


for all military and commercial applications. All standard units 9 © Chi ‘ A - 
stocked for immediate delivery by leading parts Distributors. 4238 W. Lake St. + Chicago 24, Ill. * Telephone Van Buren 6-3100 * TWX CG 1400 
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potentiometer- and millivoltmeter-type 
instruments. Specifications and prin- 
ciples of operation are covered. Thermo 
Electric Co., Inc., Saddle Brook, N. J. 

Circle 789 on Inquiry Card 


WOUND CORES 
Catalog W102. 72 pages, presents de- 
tailed information on “Orthosil” wound 
cores for transformers and chokes. In- 
cluded are complete sets of characteris- 
tic and performance curves, equations, 
electrical and mechanical specifications. 
Thomas & Skinner, 1120 E. 23 St., 
Indianapolis 7, Ind. 

Circle 790 on Inquiry Card 


TIMING SWITCHES 


Bulletin 80, two pages, gives informa- 
tion on time control of low-voltage re- 
lays and mechanically held contactors 
for automatic switching applications. 
Timer dial types, switch ratings, and 
dimensioned drawings are included. 
Tork Time Controls, Inc., Mount Ver- 
non, N. Y. 

Circle 791 on Inquiry Card 


SOLID-TANTALUM CAPACITOR 


Engineering Bulletin 3B, two pages, 
describes 75-volt capacitors that meet 
MIL-C-26655A for CS12 and CS13 
styles. Values range from 0.1 to 15 uf. 
Included are specifications, derating 
curves, dimensioned drawings and tabu- 


lation of all units in the series. Kemet 
Co. Div., Union Carbide Corp., 1190 
Madison Ave., Cleveland 1, Ohio. 


Circle 792 on Inquiry Card 


ACCELERATION SWITCH 
Brochure 18001, four pages, provides 
information on fluid-damped switch 
which is used to open or close a circuit 
at specific acceleration value. Includes 
application information, outline  di- 
mensions, specification for unit which 
meets MIL-5272B. Available from 0.02 
to 200 g. U. S. Science Corp., 5221 W. 
102 St., Los Angeles 45. 

Circle 793 on Inquiry Card 


PORTABLE BALANCING EQUIPMENT 
Bulletin 3-V, four pages, presents de- 
tails on unit that provides “in-place” 
dynamic balancing of rotating ma- 
chinery. Includes operating instructions 
and specifications; discusses theory of 
operation and characteristics of vibra- 
tions. Vibroscope Co., P. O. Box 97, 
Glenford, N. Y. 


Circle 794 on Inquiry Card 


AM-FM TELEMETRY RECEIVER 


Data Sheet C-007, four pages, describes 
Type 1455 multiple-bandwidth receiver 
for operation in 215- to 260-mc range. 
Plug-in modules make use possible 
from 100 ke to 1.5 mc. Noise is less 
than 8 db; operates on 117 volts a-c. 


ANALOG 
CIRCUIT 
DESIGN 


The strictly realistic art of 
analog circuit design 
relates directly to our proj- 
ects in inertial guidance. 
If you have fine-line expe- 
rience in the design and 
development of transis- 
torized circuits for servo 
and analog computer 
applications used in I.G. 
systems, write to Mr. 
Donald E. Krause. 


LITTON SYSTEMS, INC. Guidance & Control Systems Division 


Beverly Hills, California 


Vitro Electronics, 919 Jesup-Blair Dr., 
Silver Spring, Md. 
Circle 795 on Inquiry Card 


MULTI-TURN POTENTIOMETERS 


Bulletin, two pages, offers information 
on potentiometers that have a resis- 
tance range from 25 ohms to 200 k 
ohms; linearity tolerance is +0.1 per 
cent. Operating temperature range is 
—10 to +110 C; units are rated to 5 
watts at 40 C. Voak Engineering Co., 
129 “A” St., Upland, Calif. 

Circle 796 on Inquiry Card 


SEMICONDUCTOR PREFORM 
ALLOY SELECTOR CHART 
Pocket-size chart lists 56 semiconductor 
alloys arranged in order of solidus and 
liquidus temperatures. All alloys listed 
are workable and available as preforms 
such as disks, washers and spheres. 
Accurate Specialties Co., Inc., 345 Lodi 
St., Hackensack, N. J. 

Circle 797 on Inquiry Card 


TEMPERATURE CONTROLLER 


Data sheet, one page, describes Model 
FAP-T-601 high-gain proportioned mag- 
netic amplifier which provides control 
of heater power. Input power is 115 
volts, 60 cps; nominal output power 
is 80 watts; nominal control tempera- 
ture, 135 +0.05 F. Unit meets provi- 


(Continued on page 173) 





If you live in the 
EAST or MIDWEST 
write or phone 

the LITTON 


Research & Engineering 


Staff Representative 
nearest you: 

Mr. Harry Laur, 

221 Crescent Street, 
Waltham, Mass. 
TWinbrook 9-2200. 


Mr. Garrett Sanderson, 
375 Park Ave., 

New York City, New York. 
PLaza 3-6060. 


Mr. Robert L. Baker, 
360 No. Michigan Ave., 
Chicago, Ill. ANdover 3-3131 
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New Westinghouse BF relay 


Shrinks machine control relay 
panel space 33% to 78% 
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See for yourself how many new Westinghouse BF relays 


ALL PHOTOS ACTUAL SIZE 








General characteristics 
of the 
Westinghouse BF relay 


Dimensions 
Without base plate: 1» x 2 
With base plate: ie ae 


Operating time 
Pickup: 12.5 to 18.0 milliseconds 
Dropout: 6.25 to 12.5 milliseconds 


Thy, 
aay 


Relay can be operated manua 
to test circuits. 

4 and 8 pole frames in any combi- 
nation or normally open and 
normally closed contacts with a 
maximum of 4 normally closed. 

Contact rating—6 amps, 300 volts 
AC. 60 amperes inrush 

Relay can be mounted in any position 
ona vertical surface without chang 
ing operational characteristics 


The Westinghouse BF relay 
provides these features 


e up to 78% less mounting space 
required 


e front accessible 
e can be butted without extra space 
for wiring 


e quick coil.and contact changes 
when needed 

e low operating temperature 

e lower installed cost 

e long service life 

e magnet and armature have special- 
ly hardened pole faces 


e shorter operating stroke 
e lightweight operating parts 


e silver alloy contacts have built-in 
wiping action for prolonged circuit 


continuity 


How the new 
Westinghouse design 
assures reliability 
and durability 


EASILY WIRED 


1. All connections are wired from the front with 
pressure clamp terminals. 


OUTSTANDING CIRCUIT CONTINUITY 


2. Proper contact wipe is built-in for long life 


of the silver alloy contacts and for positive 
circuit continuity. 
. Contact bounce is minimized by unique mag- 
net suspension that eliminates shock and jar. 
. Automatic, positive alignment of crossarm 
insures simultaneous contact of all poles 


POSITIVE OPERATION 


5. Stainless steel kickout springs permit any 
mounting position on a vertical surface 
independent of gravity. 


LONG MECHANICAL LIFE 


6. In addition to preventing contact bounce, the 
magnet suspension cushions the contact be- 
tween armature and magnet, protecting en- 
tire unit from shock. 

. Low mass and short stroke, possible only 
with a small relay, save wear on every moving 
part. 

. Pole faces are surface hardened to maintain 
desired air gap. 


MINIMUM POWER LOSS 
9. Closed gap coil loss is only 3 watts for low 
coil operating temperature. Open coil burden 
70 volt amps; closed, 11 volt amps. 


EASE OF MOUNTING 

10. Steel base has keyhole slots for rapid instal- 
lation, extends only into wiring area to avoid 
space waste, and may be removed if desired. 
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Jw Control panels can be reduced as much as 78% 


You can be sure... if its Westinghouse (w) 








BF relay contact information 
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ARRANGEMENT 
Westinghouse e fe | sign problem caused by the enlarged control 
par Tate i 2 vated machine tools. The new Westinghouse 
sian a t t i rated full load current of 6 amperes at 
yale s AC. | r moder 1 f ures more productive capacity per square foot 


Type BF—60 cycles 


contacts 


number of 
poles normally normally 
open closed 
0 


open type 
catalog 
number 


[ 
espns 


e-soelenn 
Ny © 


3 
4 
, 0 
5 1 
4 2 
3 3 
2 4 
0 
1 
- 2 
3 
4 


Ordering information 


BF Relays are available direct through your 
nearest Westinghouse representative. When 
ordering be sure to specify the total number 
of poles desired, including the number of 
poles open and the number closed. Also 
specify coil control voltage and cycles. The 
chart at the left shows some of the most 
widely used relays with 110-volt, 60-cycle 
control voltage. Consult your Westinghouse 
representative about other BF Relays which 
are available. Or write Westinghouse Stand- 
ard Control Division, Beaver, Pa. 


You can be sure... if its Westinghouse 
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sions of MIL-E-5272A. American Re- 
search & Mfg. Co., 920 Halpine Ave., 
Rockville, Md. 

Circle 798 on Inquiry Card 


FM-MONITOR DEVIATION 
CALIBRATOR 


One-sheet Bulletin 500 describes and 
illustrates “Monocal 500” unit which 
provides better than 0.5 per cent peak 
deviation accuracy. For use at any 
modulation frequency from 20 cps to 
100 ke. Advanced Measurement Instru- 
ments, Inc., 109 Dover St., Somerville 
44, Mass. 

Circle 799 on Inquiry Card 


ELECTRONIC COMPONENT 
ASSEMBLIES 


Illustrated eight-page “MECA” bro- 
chure describes techniques of packag- 
ing and characteristics of maintainable 
modular assemblies. Includes informa- 
tion on component characteristics, 
methods of interconnection, circuit de- 
sign and layout. AMP Inc., Harrisburg, 
Pa, 

Circle 800 on Inquiry Card 


FLUTTER METER 


Booklet, 14 pages, entitled ‘Flutter: 
Its Nature, Cause, and Avoidance,” 
presents detailed discussion of flutter, 
wow and drift encountered in reproduc- 
tion of sound. Supplemented by graphs 


If you're building a home 
see an ARCHITECT 


BUT...if you need a 


BRUSH HOLDER 


Your SPECIALIST is 


and block diagrams and descriptions 
of measuring instruments for detecting 
sound deviations. Amplifier Corp. of 
America, 398 Broadway, New York 13. 

Circle 801 on Inquiry Card 


SPACERS AND POSTS CATALOG 
Twelve-page brochure describes, with 
specifications and drawings, both metal 
and non-metal parts used for standoffs, 
supports, terminal-board mounting, 
gearplate spacing, etc. Several kits with 
wide assortments of components for ex- 
perimental use are included. Angler 
Industries, 75-77 Winthrop St., Newark 
4, N. J. 

Circle 802 on Inquiry Card 


SET-SCREW CONNECTORS AND 
COUPLINGS 


One-sheet Bulletin TWT-161-1_ illus- 
trates and lists, with specifications, 
thin-wall conduit fittings made of heavy, 
one-piece steel and electro-plated to 
resist rust and corrosion. Appleton 
Electric Co., 1701 Wellington Ave., 
Chicago 13. 
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COMMUNICATION EQUIPMENT AND 
INSTRUMENTS 


Twenty-page “Short Form Catalog” in- 
cludes antenna-pattern recorders, servo 
and electro-manual controlled antenna 
mounts, microwave rectifiers, model 


@ Offers Complete Line of 


Brush Holders and Caps 


@ For All Types of Motors 
and Generators 


@ A Competent Engineering 
Department To Assist in 
Brush Holder Requirements 


@ 25 Years of Experience 


Write for complete information 
contained in our new easy to use 
Phoenix Catalog, No. 61-7ET. 


PHOENIX ELECTRIC MANUFACTURING CO. 
3625 N. HALSTED ST. © CHICAGO 13, ILL. 
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support towers, boresight systems, posi- 
tion indicators, antenna pattern integra- 
tors, fork-controlled oscillators, anechoic 
chambers, radome mounts and source 
positioners. Antlab, Inc., 6330 Proprie- 
tors Rd., Worthington, Ohio. 
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TOROIDAL TRANSFORMERS 


Illustrated catalog, 20 pages, describes 
line of miniature toroidal transformers, 
inductors and magnetic amplifiers. En- 
capsulated and _ hermetically sealed, 
units meet requirements of MIL-E-5272 
and MIL-T-27A. Included are technical 
specifications, dimensional drawings, 
circuit diagrams and_ performance 
curves. Arnold Magnetics Corp., 6050 
W. Jefferson Blvd., Los Angeles 16. 
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POLAR RELAYS 
Nine-page Circular 1821-E contains 
descriptions, specifications and appli- 
cations of Series PTW, small two-posi- 
tion relays for telegraph and _tele- 
printer circuits and digital-data trans- 
mission. Industrial Products Div., Auto- 
matic Electric Sales Corp., Northlake, 
Til. 
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AUTOMATED TESTING EQUIPMENT 


Four-page Bulletin 8-70.1 includes 
descriptions and photographs of multi- 


Catalog 


AMF Precision Meters 


If your operation demands accuracy to 1/0 of 1% 


you need this AMF Catalog, which includes speci- 
fications, sizes and weights of Frequency and Volt 
Meters for test, research, industrial, military and 
government use. 


AMF Meters are rugged. They compensate for practi- 


cally any temperature and environment. They can 


be tailored to your requirements — or are available 
immediately from stock. Send today for your 
Catalog! Address Department. T. 


(i aM em LL) 


1101 N. Royal Street, Alexandria, Virginia 
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circuit analyzer, cable tester, insula- 
tion-breakdown tester and test fixture 
for components, automatic-capacitance 
and megohm bridges and production- 
testing ohmmeter. Associated Research, 
Inc., 3758 W. Belmont Ave., Chicago 
18. 
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INJECTION-MOLDING POLYMER 


One-page Data Sheet PD-7 reviews 
Grade 1016 polypropylene, high-flow 
polymer for molding in multiple-cavity, 
deep-draw dies at high speeds. The ma- 
terial is stabilized to meet temperature 
anomalies during fabrication. Physical 
properties of 1016 are equivalent to 
those of general-purpose polypropylene. 
AviSun Corp., 1345 Chestnut St., Phila- 
delphia 7. 

Circle 808 on Inquiry Card 


SEMICONDUCTOR HEAT RADIATORS 


Catalog 1-HR, 16 pages, contains de- 
tails and drawings of more than 72 
radiators, comprehensive text on ther- 
mal cooling, information on installation, 
formulae and curves on thermal run- 
away, transistor derating, heat dissipa- 
tion by radiation, convection and con- 
duction. The Birtcher Corp., Industrial 
Div., 745 S. Monterey Pass Rad., 
Monterey Park, Calif. 
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ELIMINATE TAPE, STRING, CLAMPS 
with self-clinching 


TY-RAP™ 


cable ties 
and straps 


ie ee 

Neat, permanently secure cable ties 
and mounted bundles in seconds — 
with no strain on hands or con- 
ductors. Self-clinching lock won’t 
loosen until intentionally removed. 
See your T&B Distributor or write 
to Thomas & Betts Co., Incor- 
porated, Elizabeth 1, N. J. (In 
Canada: Thomas & Betts Ltd., Mon- 
treal; in England: Ross, Courtney 
and Company, Limited.) 


TeB 


ENGINEERED 


STRAIN-GAGE WIRING TERMINALS 


Four-page Bulletin 4340 includes photo- 
graphs and drawings, characteristics 
and terminal specifications. Contains 
curves of typical leakage resistance vs 
temperature for high-temperature ter- 
minals which operate to 1200 F max. 
Electronics and Instrumentation Div., 
Baldwin-Lima-Hamilton Corp., Wal- 
tham 54, Mass. 
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TECHNICAL INFORMATION 
BULLETIN 


Eight-page “Helinews” No. 24 contains 
illustrated technical information on a 
new series of a-c potentiometers, delay 
lines, panel meters, servomotors and 
trimming potentiometers. Helipot Div. 
of Beckman Instruments, Inc., Fuller- 
ton, Calif. 
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CAPACITORS 


Six-page foldout Catalog 61-1 includes 
high-stability capacitors with better 
than 1 per cent retrace, high-tempera- 
ture units which operate up to 250 C 
without derating, units with 0.1 per cent 
tolerance and less than 0.05 per cent 
drift; also sub-miniature capacitors. 
Balco Capacitors, 40-53 Edison Place, 
Newark 2, N. J. 
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COMPUTING SYSTEM 


Bulletin QC-020-R110, 20 pages, de- 
scribes G-20 high-speed digital com- 
puting system. Details operational fea- 
tures, includes information on magnetic 
tape and line-printer unit. Describes 
memory and processing facilities of 
control buffers, as well as system’s 
communication system. Bendix Com- 
puter Div., 5630 Arbor Vitae, Los 
Angeles 45. 
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CONVECTION OVENS 


Bulletin 1960, 12 pages, provides in- 
formation on series of ovens and en- 
vironmental cabinets for laboratory and 
production applications. Includes sec- 
tion on operational features, lists tem- 
perature ranges, power requirements 
and mechanical specifications. Blue M 
Electric Co., 138th & Chatham St., Blue 
Island, Ill. 
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POLYMER BULLETIN 


Five-page Product Data Bulletin NP- 
44 describes “Celcon” highly crystalline 
acetal copolymer suitable for fabrica- 
tion by injection molding, extrusion and 
blow molding. Has mechanical strength, 
toughness, stiffness, gloss and good 
electrical properties. Brochure contains 
specifications, descriptions of proper- 
ties and processing techniques and 





THOMAS & BETTS 
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SPEED PRODUCTION — LOWER COSTS 
... With tool-applied 


TY-RAP’ 


cable ties 
and straps 


For tying, clamping, coding 
wire bundles in original equip- 
ment . . . TY-RAP cable ties 
and straps and the new WT 
183F Hand Tool save many 
dollars over other methods. Now 
in use by hundreds of OEM’s 
and Contractors. See your T&B 
Distributor or write to Thomas 
& Betts Co., Incorporated, Eliza- 
beth 1, N. J. (in Canada: 
Thomas & Betts Ltd., Mon- 
treal; in England: Ross, Court- 
ney and Company, Limited.) 


THOMAS & BETTS 
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WIREMAKER FOR INDUSTRY 
SINCE 1902 


One Wire Source for Everything 
Electrical and Electronic 


The Belden design of the 3-leaf Phosphor bronze con- 
tacts used in heater appliance plugs provides the best 
and longest lasting electrical and mechanical connec- 
tions available. 

Belden cords are manufactured to UL specifications 
and bear the UL flag label with the SECC emblem. 


BELDEN MANUFACTURING COMPANY 
Chicago 80, lilinois 


CHICAGO 


Range and Dryer Cords 


The Belden plug stays in the outlet 
GRIP PRONGS*—give dependable service on all electrical 
equipment. Available on the better complete cords only. 


1 Plug stays in—good 
contact even in worn 
outlets. 


2 Maintains best possible 
electrical connection. 


3 Prevents damage to the 
electrical contacts in 
receptacle. 


GRIP PRONGS* 
Expand and actually 
grip sides of slot. 


Positive 
electrical 
contacts. 
No strain. 


* Belden Grip Prongs—U. S. Patents: 2,439,767; 2,671,205. Canadian Patents: 438,585; 506,946 


Magnet Wire « Lead Wire « Power Supply Cords « Cord Sets « Portable Cordage « Electronic Wire 


17-19 
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Automotive Replacement Wire and Cable « Aircraft Wire « Electrical Household Replacement Cords 





REDUCED CORE LOSS... 
LESS EXCITING CURRENT 
WITH NEW WESCOR* CORE 


New Westinghouse Wescor core com- 
bines the improvements in quality and 
permeability of Hipersil® steel with a 
newly developed method of forming a 
series of step-lapped core joints. Re- 
sult: higher possible working induc- 
tions in the magnetic circuit. In fact, 
core loss is 33% less than equivalent 
type C core . . . with comparably lower 
exciting current. 

Wescor cores are pretested and ship- 
ped from stock in 27 sizes, ranging from 
30 to 400 pounds. More details from 
your nearest Westinghouse representa- 
tive, or write Westinghouse Electric 
Corporation, P. O. Box 868, Pittsburgh 
30, Pennsylvania. *Trademark 


You can be sure .. . if it’s Westinghouse 
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graphs. Celanese Polymer Co., Dept. 
P-169-E, 744 Broad St., Newark 2, N. J. 
Circle 815 on Inquiry Card 


WINDING MACHINES AND 
ACCESSORIES 


Catalog 60, 37 pages, contains photo- 
graphs, drawings, specifications and 
descriptions of toroidal-coil winders, 
permeameter, toroidal-tape winder, bob- 
bin winder, conversion equipment and 
templates for determining limiting coil 
dimensions. Boesch Mfg. Co., Inc., Dan- 
bury, Conn. 
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Manufacturer’s 
Publications 


For these selected publications on 
materials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRO-TECHNOLOGY as your 
source. 


UHF Q-METER 


Eight-page Brochure 28 describes the 
purpose, operating principle, applica- 
tions and basic and special measure- 
ment techniques of Type 280-A uhf 
Q-meter. For a copy, write on company 
letterhead to Boonton Radio Corp., 
Boonton, N. J. 


| METALIZED MYLAR FILM 


Sampler showing the complete line of 
metalized Mylar polyester film and il- 
lustrating many industrial applications 
is available showing 24 embossed pat- 
terns in six colors. Send written re- 


| quest to Coating Products, Inc., 101 W. 


Forest Ave., Englewood, N. J. 


| INSTRUMENT MOTORS 


Eight-page Catalog IM-1 includes di- 


| mensional drawings, rating charts, wir- | 


ing diagrams, listings and photographs 
of instrument motors. Special sections 


discuss the availability of engineering | 
| service, development and testing proce- 


dures, typical applications and appli- 


| cation guidance. To obtain a copy, write 


on company letterhead to Bodine Elec- 


tric Co., 2500 W. Bradley Place, Chi- 


cago 18. 


ANODIZED FOIL AND GAGE TRIM 


Anodized, multi-colored, aluminum foil 
trim with pressure-sensitive adhesive 
backing is available in any combina- 
tion of colors, with colors permanently 
anodized into aluminum. Prepared in 


sheet or strip form, the trim can be | 


embossed, pre-formed or cut-to-shape. 


Write on company letterhead to E. T. | 


Turney Jr., President, Anodyne, Inc., 


1270 N. W. 165 St., No. Miami Beach | 
| 69, Fla. 








DELCO 
SEMICONDUCTORS 
NOW AVAILABLE 
AT THESE 
DISTRIBUTORS: 


Boston: 
GREENE-SHAW COMPANY, INC. 
341-347 Watertown St., Newton 58, Mass. 
WO 9-8900 


New York: 
HARVEY RADIO CO., INC. 
103 West 43rd St., New York 36, N. Y. 
JU 2-1500 


Chicago: 
MERQUIP ELECTRONICS, INC. 
5904 West Roosevelt, Chicago, Illinois 
AU 17-6274 


Detroit: 
GLENDALE ELECTRONIC 
SUPPLY COMPANY 
12530 Hamilton Ave., Detroit 3, Michigan 
TU 100 


Philadelphia: 
ALMO RADIO COMPANY 
913 Arch St., Philadelphia, Pennsylvania 
WA 2-5918 


Baltimore: 
RADIO ELECTRIC SERVICE 
5 North Howard St., Baltimore, Maryland 
LE 9-3835 


Los Angeles: 
RADIO PRODUCTS SALES, INC. 
1501 South Hill St., Los Angeles 15, Calif. 
RI 8-1271 


San Francisco: 


SCHAD ELECTRONIC SUPPLY, INC. 
499 South Market St., San Jose 13, Calif. 
CY 7-5858 


Seattle: 


C&G ELECTRONICS COMPANY 
2221 Third Avenue, Seattle 1, Washingto« 
MA 4-4354 


Ask for a complete catalog 
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HOW TO GET THE POWER TRANSISTORS YOU NEED? 


4 


JUST ASK DELCO. For even though our catalog lists only a handful of germanium power transistors, there is 
only a handful out of all those ever catalogued that we don’t make. And those only because nobody ever asked 
for them. 


We’ve made, by the millions, both large and small power transistors. Both diamond and round base. Both industrial 
and military types. And each in a wide variety of parameters that have proved themselves reliable in nearly every 
conceivable application. 


You get Delco transistors fast. You get Delco transistors in any quantity. And for all their high reliability, you get 
them reasonably priced. All you have to do is contact our nearest sales office—and ask for them. 


Union, New Jersey Santa Monica, California Chicago, Illinois Detroit, Michigan [D> E ABILITY Division of 


324 Chestnut Street 726 Santa Monica Blvd. 5750 West 5ist Street 57 Harper Avenue 7 General Motors 
MUrdock 7-3770 UPton 0-8807 POrtsmouth 7-3500 TRinity 3-6560 AX D | O Kokomo, Indiana 
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Recommended for insulating critical.components! 
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Tape so thin 
and flexible...it 
looks “POURED ON?” 
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Here is a Johns-Manville Dutch 
Brand Electrical Tape that is ex- 
actly right for insulating coil wind- 
ings and many other critical appli- 
cations. Called J-M Dutch Brand No. 
520, it is a flexible, stretchable poly- 
ester film only one mil thick... yet 
has dielectric value of over 4500 volts 
per layer. Thus, it affords outstand- 
ing insulating efficiency with mini- 
mum tape build-up! 

Moreover, No. 520 Tape remains 
stable at operating temperatures up 
to 125° C...has high tensile strength 
and tear resistance... serves as an 
excellent moisture vapor barrier... 
withstands attack by oil, grease, 
chemicals and solvents. 

One of 12 brand-new tapes for 


ia ee a oe) od 


the electrical specialist, J-M Dutch 
Brand No. 520 Tape employs a ther- 
mosetting adhesive that does not 
lose holding power at high speeds. 
Its distinctive orange color makes 
for easy identification. 

Get complete facts on the full line 
of Johns-Manville Dutch Brand® 
Tapes today from your Dutch Brand 
man. Or write Dutch Brand Divi- 
sion, Johns-Manville, Box 14, New 
York 16, N. Y. In Canada: Port 
Credit, Ontario. Cable: Johnmanvil. 


oe 


Other J-M Dutch Brand Electrical Tapes for 
specialty applications, include... 

No. 510 Paper Tape has thin, flat backing 
made of strong rope stock . . . conforms to 
irregular surfaces ... thermosetting adhesive 
will not soften. 

No. 523 Polyester Tape is similar to No. 520, 
except backing is two mils thick. Orange ther- 
mosetting adhesive . . . dielectric strength of 
6500 volts. 

No. 530 Woven Glass Cloth Tape for use where 
paper, cotton or plastic backing might fail. 
High tensile strength. Dielectric strength of 
1500 volts. 

No. 524 Clear Polyester Tape similar to No. 
520, except one-mil film is clear and translu- 
cent. Thermosetting adhesive . . . dielectric 
strength of 4500 volts. 


~ J OHNS-MANVILLE iy] 
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DUTCH BRAND TAPES 
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New COMPONENTS and MATERIALS 


A staff compilation of the latest developments . . 
in electrically operated end products . . 


tions and available application data. 


MICRO-MINIATURE RELAYS 


Relay 30-32 features spade terminal 
headers and is equipped with two-stud 
L-shaped mounting brackets. Type 
30-23 features 90-deg potted printed- 


circuit header. For operation at 2-amp, 
26.5 volts d-c and other low-level cir- 
cuit applications. Will meet or exceed 
MIL-R-5757D. Phillips Control Co., 
59 W. Washington St., Joliet, II. 
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D-C COMPARATOR- 
SWITCHING AMPLIFIER 


One input signal to Model S-20015-P 
plug-up circuit can be precisely com- 
pared to a second input. When differ- 
ence between signal and reference ex- 
ceeds 7.5 mv, output from amplifier 
switches state from 0 to 10 volts with a 
400-ohm load applied or greater than 
5 volts with a 150-ohm load. Input 
signals greater than 15 volts may be 
applied at frequencies from d-c to 
greater than 50 ke. Temperature 
changes from +40 to +125 F cause trip 
point to shift by not more than 50 mv 


d-c. Power required, 24 volts d-c. Plug- 
In Instruments, Inc., 1416 Lebanon Rd.., 
Nashville 10, Tenn. 
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CAPACITOR FILM 


Micron-thin “Glofilm” dielectric utilizes 
direct polymerization of fluorocarbon 
monomer on 14-mil metalized Mylar 
substrate under vacuum in a high-fre- 
quency glow discharge. Subminiature 
electrostatic capacitors wound with the 
film are 25 to 75 per cent smaller by 
volume than others commercially avail- 
able. Capacitance, 1 »f per sq ft. Radia- 
tion Research Corp., Westbury, L. L., 
N. Y. 
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VOLTAGE-CONTROLLED 
OSCILLATOR 


Model TEX-3000 solid-state unit allows 
user to operate telemetry systems in 
rapidly changing temperature environ- 


ments without degradation of perform- 
ance. Deviation sensitivity, 100 per cent 
for 5- or +2.5-volt input. Linearity, 
+0.5 per cent from the best straight 
line. Distortion, less than 1 per cent. 
Center frequency, stable within +2.5 
per cent of design bandwith over tem- 
perature range or —20 to +85 C. Size, 
2.7 cu in. Sonex, Inc., 20 E. Herman 
St., Philadelphia 44. 
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MOUNTING TERMINAL 


Light-weight “Tri-El” terminal is a 
formed stamping that mounts to a ter- 
minal board with a simple staking tool. 
Provides one connection on top of 


. screened for design-in use 


. complete with all released specifica- 


board and two below. Exceeds MIL 
specifications for shock and vibration 
resistance. Entire board may be dip 
soldered. Standard units silver plated 
per MIL specifications. Gold, tin or 
other plating available. Pacific Coast 
Electronics Corp., 2457 Chico Ave., 
South El Monte, Calif. 
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HIGH-TEMPERATURE 
ADHESIVE 
“Raiseal” 350 adhesive offers high elec- 
trical resistance and low thermal con- 
ductivity. Suitable for use up to 1000 F. 
Typical tensile data indicate strengths 
of 675 psi after 1 hr solvent soaking at 
1000 F and 450 psi after 24 hr at 500 F. 
Radiation Applications Inc., 36-40 37 
St., Long Island City 1, N. Y. 
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RANDOM NOISE SOURCES 


Series 812, 813 and 814 sources provide 
white noise with Gaussian amplitude 
distribution which is used for approxi- 
mating electrical signals and distur- 


bances, sounds and vibrations. Special 
models of 812 incorporate any three 
selected lower and upper cutoff fre- 
quencies from 3 cps to 50 ke. Series 813 
output: any single fixed frequency 
within 3 cps to 50 kc, with a cutoff rate 
of 6 to 12 db per octave; output will 
vary from 1 to 3 volts rms, depending 
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This planar microdiode could help a designer make a new reputation. Here are the param- 
eters of a “‘big’’ planar diode...but this is the first and only planar diode available in 
micro-size. @ You get the high-reliability advantages of planar structure in a package 0.080” 
by 0.045”...microdiodes which have passed 10-day JAN humidity test cycles and ionic salt 
immersions with no degradation of electrical parameters...true surface passivation only 
available from General Instrument’s unique Molecular Shield™ process. ® Here is instant 


availability of a full line of planar microdiodes for computer and general purpose design, in 
any quantity, either as individual devices or pre-assembled as complete nanocircuits in 
standard TO-5 cans (up to six diodes per can). ® For full information on General Instrument 
microdiode types MD 4, 6, 8 and 10 call the sales office or franchised distributor nearest you. 
In addition, the same reliability benefits of true passivation planars are available in General 
Instrument’s microtransistors. Write today to General Instrument Semiconductor Division, 
65 Gouverneur Street, Newark 4, New Jersey. 


Typical Nanocircuit Assemblies Available in TO-5 Packages... 


NC-1. Six Diode Assembly we NC-3. Diode-Transistor Logic Assembly 


GENERALINSTRUMENT SEMICONDUCTOR DIVISION 
GENERAL INSTRUMENT CORPORATION 
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TYPICAL SPECIFICATIONS 
@ 25°C. 


@ Max. power dissipation: 
250 mw. 

@ Reverse Recovery: 
JAN 256 ckt. 
100 Kohms in 0.3 usec 
switching from 5 ma 
forward current to 40v 
reverse voltage. 


® BDV: 100v; continuous 
working voltage: 80v. 

@ Average rectified current: 
75 ma OC. 

8 Minimum forward current: 
20 ma OC @ lv DC. 

® Reverse current: @ 80v DC; 
0.005 na, 5 wa @ 150 C. 


= Storage and operating 
temperature range: 
—65°C to + 150°C. 


J ACTUAL SIZE 
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PACKAGE FOR 
SILICON CONTROLLED | 
RECTIFIERS | 


(SOLID STATE THYRATRONS) 


_ THE ALL-IN-ONE PACKAGE CONTROL 
FOR THE SYSTEM DESIGNER 


CHECK THESE 
IMPORTANT ADVANTAGES... 


1. One Silicontrol fires one or two sil- 
icon controlled rectifiers in back-to- 
back arrangement or bridge circuit. 
No added circuitry needed. 

2. Eliminates matching of silicon con- 
trolled rectifiers. No need to select 
similar impedance values. Fires any two 
SCRs of any rating or manufacture. 

3. Failsafe feature built-in. Prevents 
destruction of SCRs and load compo- 
nents through a wide range of over- 
load conditions. Linear control from 
zero to maximum output. Can shift gate 
pulse more than 180°. 

4. No bias needed; loss of control sig- 
nal turns off unit. 

5. Immune to voltage transients on 
supply bus resulting from adjacent 
switching or relay operations. Prevents 
SCR pulses from interfering with other 
circuits. 

6. The only unit providing all of the 
above features. 

7. SILICONTROLS are available from 
stock. 

8. Both 60 cps and 400 cps models 
available. 

9. Military packaging as required. 


Send for Engineering Bulletin No. 2000 


* * * x * 
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ENGINEERING, INC. © 
A Subsidiary of Sprague Electric Company fp 
| 89 MAGEE AVE., STAMFORD, CONN. = | 
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on frequency range. Series 814 units 


| are produced to order. H. H. Scott, Inc., 


| Maynard, Mass. 
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Instrument Div., 111 Powdermill Rd.. 
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PUSH SWITCH 


Snap-action, SPDT, DPDT or 6PDT 
unit can be used individually or in inter- 


| locked ganged groups. Measures 1%4 


in. long and occupies less than 1 in. be- 
hind panel. Silver-alloy contacts provide 
operation of over 100,000 cycles at rated 
load. May be provided with O-rings and 
diaphragm seal to meet MIL-6473. 
Rated at 5 amp resistive or 3 amp in- 
ductive. Photograph: six 6PDT units 
ganged in one package. Pepco Inc., 
2080 Placentia Ave., Costa Mesa, Calif. 
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MINIATURE SERVO 
AMPLIFIER 


Model 50-100 transistorized high-tem- 
perature unit occupies 0.86 cu in. and 


| can deliver up to 3.5 watts at 40 volts 


rms into a center-tapped, Size-1] servo- 
motor. Nominal gain is 6500 at 10,000- 
ohm input impedance. Operates at 28 
volts d-c, up to 100 C. Power supply 
for 400-cps use and preamplifier are 
available. Servo Development Corp., 2 


| Willis Court, Hicksville, L. L, N. Y. 
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MAGNETIC CLUTCH 
POTENTIOMETER 
Clutch energization engages potentiom- 


eter for continuous operation in either 
direction. Clutch disengages on de-en- 


| ergization and spring-centering mecha- 


nism returns potentiometer shaft to 


within +15 minutes of center-tapped 
position in under 4% sec. Operating life, 
1000 hr. Weight, 3.5 oz. Designed to 
meet MIL-E-5400. Clutch characteris- 
tics: 28 volts d-c, 8 oz-in. torque min., 
3.0 watts, 12-millisec response time. 
Potentiometer may have any charac- 
teristics. Orbit Instrument Corp., 131 
Eileen Way, Syosset, L. I., N. Y. 
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SIGNAL SOURCES 


Series SO electronically tuned r-f 
sources for use in 10 kc to 400 mc spec- 
trum produce a signal with current- or 
voltage-controlled-signal frequency. In 
vacuum-tube, single-band unit, a 5:1 


frequency change is produced by be- 
tween 0 and 70 ma over the 10 kc to 
200 mc range. A 2:1 tuning ratio is 
available from 160 to 320 me and 1.5:1 
from 180 to 400 mc. Signal outputs, 
0.5 volt rms from 10 ke to 200 mc and 
0.25 volt rms from 180 to 400 mc. Units 
require power source of 150 volts at 
30 ma and 6.3 volts a-c at 0.4 amp. Trak 
Electronics Co., Inc., Wilton, Conn. 
Circle 511 on Inquiry Card 


SYNTHETIC-RUBBER 
ADHESIVE 


Fast-drying adhesive is applicable to 
MIL-A-1154-A and MIL-A-5092-A, Type 
II. Recommended for steel, aluminum, 
brass, glass and many plastics, includ- 
ing foams. Application methods: two- 
way dry-stick, wet-stick and solvent ac- 
tivation. Solids content, 28 to 30 per 
cent by weight. Consistency of thin 
syrup. Bostik Dept., B. B. Chemical 
Co., United Shoe Machinery Corp., 784 
Memorial Dr., Cambridge, Mass. 
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PRECISION POTENTIOMETERS 


Wirewound units with resistances of 1 
to 500,000 ohms have +5 ppm resist- 
ance elements and anodized aluminum 
housings. Noise resistance, 140 ohms 
max. Electric strength, 1000 volts d-c. 
Contacts, precious metals. Resistance 
tolerance, +5 per cent. Independent 
linearity, +5 per cent. Starting torque 
on ball-bearing models, 0.6 oz-in. max. 
Models available in 2, 15g, 1 and %-in. 

(Continued on page 184) 
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Armco DI-MAX Grades Give You 
vm + Both Design and Production Advantages 


‘ 


yf 


apparatus 


uu 


WW, ns 


Armco DI-MAX Electrical Steels, available in M-15 to M-43, combine the desirable 
New steels are characteristics of both hot- and cold-rolled types. They create opportunities to streamline 
NO giMe LE production and improve design. Producers of apparatus ranging from large rotating 
Naunle machines to fractional horsepower motors use these advantages effectively: 
In Design — Smooth surface and good flatness produce a high stacking factor. Good 
permeability at high inductions permits material-saving designs. Extensive design curves 
enable you to make most effective use of desirable characteristics. Availability in a 
wide range of gages and surface insulations give you maximum selectivity. 
In Production — Special processing of Armco DI-MAX grades results in good die life 
and laminations with minimum burr. Good flatness simplifies core assembly. Pro- 
duced in sheets and welded coils from 34” to 46” wide to facilitate manufacture of 
laminations on your equipment. 
Put these advantages to work for you by specifying Armco DI-MAX Electrical 
Steels. Write us for complete information on their properties and for useful design 
curves. 
Armco Division, Armco Steel Corporation, 3491 Curtis Street, Middletown, Ohio. 


€ ? rea 
ARMCO Armco Division 


JULY 1961 Circle 185 on Inquiry Card 





FROM 


V1Te ror 


VARIABLE RATIO 
SPEED CHANGERS 


RATIOS: 1:5 up to 5:1 down 

(continuously variable over 25:1 range) 
HORSEPOWER: .025 max. either shaft 
TORQUE: 5 to 40 oz-in depending upon ratio 
SPEED: 10,000 RPM max. 

WEIGHT: 8 oz. 

BEARINGS: double, heavy-duty ball 
DELIVERY: 10 days 


A PART OR A PACKAGE 


Call Metron now if you need help with speed changing design 
problems. Our 18 years of experience with miniature speed changers 
and precision instruments is at your service to design and build 
mechanical or electro-mechanical packages. Send your prints today 
and you’ll hear from us promptly! 


Tite Fon METRON INSTRUMENT CoO. 


5302 So. Delaware, Littleton, Colo. PY 8-2537 DDD: 303 TWX: DN 194 
Pan a oe ee oe Circle 186 on Inquiry Card 
Gibson Atomiclad* Electrical Contact Rivets 
now available in economical Gibson Assemblies 


ATOMICLAD RIVETS ARE LOWER COST 
BECAUSE IT COSTS LESS TO MAKE THEM 


And they're BETTER because their bond of dispersed atoms of the 

CONTACT DAETAL precious contact metal and the base metal of the body is electrically 

Sed tare tam and mechanically superior to other bonding methods. Cost is further 

| | ] HA reduced by limiting use of precious metal to electrical requirements 
i of the contact. 

Atomiclad Rivets are made in all standard forms and of copper, 
steel or other base metal with contact face of precious or semi- 
precious metals. 

TONTEGRATION Many sizes and types are stocked in quantity. Write for Standard 
Patents pending Stock List #2007, and for Technical Information Bulletin 400. 


ECONOMICAL GIBSON 
CONTACT ASSEMBLIES 


Gibson contact support manufacturing facilities include every 
phase—forming, riveting, heat-treatment and electroplating 
and comprises use of any specified metal. 

When you specify Gibson Contact Assemblies, you get the 
benefit of years of engineering know-how in providing the 
best possible electrical union between contact and support 
member. Since all assemblies are Gibson-inspected, the cus- 
tomer suffers no loss through assembly rejects. 

Gibson Engineers will design your complete contact assem- 
bly upon receipt of specifications. Or send your drawings for 
fabrication costs. If you prefer your own support member, 
send a sample for assembly cost. 

* ATOMICLAD—Trademark Gibson Electric Company 


GIBSON ELECTRIC SALES CORP. 
BOX 590, DELMONT, PA. G 


BOSTON CHARLOTTE CHICAGO CLEVELAND DAYTON 
DETROIT LOS ANGELES NEW YORK PHILADELPHIA PITTSBURGH 
ROCHESTER ST. LOUIS SAN FRANCISCO SEATTLE 


ELECTRICAL CONTACTS 
Since 1933 
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sizes, single or ganged. Voltronics, Inc., 


7746 W. Addison St., Chicago 34. 


Circle 513 on Inquiry Card 
CONDUCTOR INSULATION 


Insulation material, designated “Rome 
Poly-X,” has excellent heat- and abra- 
sion-resistant qualities. Will not de- 
grade at temperatures to 300 C, does 
not embrittle at —55 C. Derives prop- 
erties from polyethylene modifying 
process. Rome Cable Div., Aluminum 
Co. of America, 1501 Alcoa Bldg., Pitts- 
burgh 19. 

Circle 514 on Inquiry Card 


DIGITAL DECADE DISPLAY 


Unit complete with lamp-driver printed- 
circuit card attached has two transistors 
per lamp, one for accepting binary- 
-oded inputs and the other to amplify 


the signal to provide power for driving. 
Complete package size, 21% in. high x 
114 in. wide x 91% in. deep. Lamps 
will operate on between —6 and —12 
volts d-c. Wang Laboratories, Inc., 
Natick, Mass. 

Circle 515 on Inquiry Card 


HIGH-SPEED MILLIAMPERE 
CIRCUIT BREAKER 


Model 150 unit is interposed between 
a power supply or signal source and 
transistor circuitry. Responds to 1 usec 


transients, opening the load within 10 
usec. Trip current may be adjusted by 
panel-front knob to from 15 to 150 
ma. Accuracy, +10 per cent. Insertion 
loss of 4-milliohm to 4-ohm/ma setting 
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3 Unique magnetic circuit and contact 
sation provides increased sensitivity. 


OR 84 


&S Balanced armature — 
permits mounting in 
any position. 


SB ULL. listed. 


"(Approximate dimensions. Not to de ere: 


MORE EFFICIENT MORE COMPACT MORE VALUE 


TYPE 83—Series type motor starting relay used for 

single phase motors with phase winding currents to 

25 amps at 115 volts and 15 amps at 230 volts. 

Max. coil pickup 30 amps. Typical applications 

TYPE 83 Pm are under-the-counter appliance motors and heavy 
f duty single phase motors. 


TYPE 84—General Purpose single pole switching relay 


Contact \ 12 amp resistive —125/250 volts _ Pilot \ 3 amps —125 volts 
Ratings { 8 amp inductive—125/250 volts Duty f 14% amps—250 volts 
TYPE 84 


i Typical applications—heating and air conditioning 


switching relays, fan relays, appliance relays, office 
machines, photo-electric controls and general pur- 
pose switching. Consult factory for higher resistive 
and inductive ratings available for special appli- 
cations. Coils to 240 volts. 


For full engineering data consult your local RBM Product Application Engineer or Write for Bulletin 1080. 


RB MI Controls Division 


ESSEX WIRE CORPORATION, LOGANSPORT, INDIANA 
Factories Located at North: Manchester and Logansport, Indiana 
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snap Bushings 


NEW From HEYCO. 


Snaps easily and locks 
into panels of varying 
thickness up to %” 


withstands 35 Ib. pushback test! 


Here’s a Bushing to 
meet your requirements 


® Finger pressure assembly 
@ Provides complete insulation-it’s Nylon 

@ Approved for temperatures of 302°F. 
@ Not affected by oil or grease 

@ Sizes for 1/4” to 2” mounting holes 
@ Various inside diameters 


USES: 
Insulation and mechanical protection 
for Electrical Wire & Cable, Tubing 
& Hose, Rope & Cable, Bearing Sur- 
face for Moving Parts. 


Samples are FREE = 
mA eg ta) ea 


KENILWORTH 1, NEW JERSEY 
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over the 15 to 150 ma range. Nominal 
open resistance, 10 megohm. Orbitec 
Corp., 512 30 St., Newport Beach, Calif. 

Circle 516 on Inquiry Card 


ELECTRONIC TACHOMETER 


Models 101 and 102 tachometers for 
0 to 60 rpm and up to 2500 rpn, re- 
spectively, feature electronic metering 
panel and remote pickup head, requir- 


ing no current when in actual opera- 
tion. Standard plastic panel measures 
434 x 6% in. and has 3-in. diameter. 
Unit actuated by single mecury battery. 
Rampe Mfg. Co., 14915 Woodworth 
Ave., Cleveland 10, Ohio. 


Circle 517 on Inquiry Card 


MINIATURE-COMPUTER- 
LOGIC CIRCUIT 


NOR logic circuit contains three diodes 
R-C coupling network, a transistor and 


two resistors in a package the size of a 


| TO-5 transistor. Input frequency, 200 


ke; turn-on and turn-off time, 0.5 usec, 
typical. Semiconductor Div., Raytheon 
Co., 215 First Ave., Needham, Mass. 
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FHP MOTORS 


Two motors, Models L and H, are for 
business-machine and control applica- 
tions. Model L has 6.5 oz-in. starting 
torque; full load rating is 0.025 hp, 
3250 rpm, at 1.2 amp. Model H is 
rated for 0.003 hp at 0.31 amp, 2500 


| rpm. Both units have input of 117 
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PUTTING MAGNETICS TO WORK 


CAN YOU DESIGN PAST 60 (cycles, that is)? 
Sign up for Magnetics Self-Improvement Course 


Incidentally, if you missed Lesson I (How To Reduce 
Magnetic Circuit Size and Response Time) we'll send 
it along. 


Whether you are an older engineer or a young magnetic 
circuit designer, you may be faced with the problem of 
designing for load frequencies greater than 60 cycles... 
or 400 cycles. Or you may want to reduce circuit size by 
reducing core size, or by using fewer turns of wire with 
no increase in control current. 

Your solutions will come much faster when you refresh 
your memory with Lesson II of the Magnetics Inc. 
self-improvement course. 

You'll rediscover the solutions to these and other 
problems dealing with frequency and core size in this 
second lesson. What’s more, you may find new ways to 
control high frequency induction heating units, high 
speed motors, the newer types of fluorescent lighting, 
or a host of other devices. 

For your sake — and ours, too, because we manufac- 
ture and sell high permeability cores used in amplifier 
circuits — use the coupon now. 


JULY 1961 


MAGNETICS inc. 


MAGNETICS INC., DEPARTMENT €ET-88, BUTLER, PA. 
Please enroll me in the Magnetics, Inc. Self-Improvement Course 
and send me all the lessons as they are made available. 


EE Se Ee Le ee ee eS a, 

company 

address ws 

Note: If you've applied for Lesson |, no further application is necessary. 


You will receive the entire series. 


,*e eee eer eee eee eer eee eee eee eseeereeeeee 
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Small Size 
and Long Life 
Make G-E Glow Lamps 
Ideal as Indicators 


There are over 60 General Electric glow lamps made especially 
for use as indicators in appliances, business machines, military 
equipment—wherever indicating devices are needed. They’re 
small, rugged, usually low-cost, operate on standard AC voltage 
at low wattage and give off very little heat. All of which 
makes them ideal for use as indicators. Here are details on 
a few of them: 


NE-2H lasts 25,000 hours on standard AC voltage,* only 
% inch long, operates on just % watt, is a high brightness 
lamp and costs much less than a dime including an attached 
resistor (5 different resistors are available). 


NE-2J another high brightness lamp with a 25,000 hour 
life* on standard AC voltage, operates on ¥ watt, is less than 
one inch long, has a single contact midget flange base and 
will fit most standard indicator fixtures. This lamp is not 
available with attached resistor. 


NE-45 has a 7,500 hour average useful life on standard AC 
voltage; operates on % watt, is 11742 inches long, has 30K 
resistor built into screw base and big electrode that presents 
a large glowing area when lit. 


*With a 30K resistor. 


For detailed information on the 18 most popular General Electric glow lamps, 
write for bulletin #3-0193. General Electric Co., Miniature Lamp Dept. 
M-134, Nela Park, Cleveland 12, Ohio. 


Progress /s Our Most Important Product 


GENERAL @@) ELECTRIC 
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volts a-c. Alliance Mfg. Co., Alliance, 
Ohio. 
Circle 519 on Inquiry Card 


ADD-SUBTRACT 
PRINTING COUNTER 


High-speed unit for servo read-out has 
three digits with additional digits or 
decimal points available. Also available 


with the counter are automatic-indexing 
mechanism, printing-ribbon drives and 
printing solenoid. Printing speed up to 
5000 cpm and starting torque of 0.05 
in.-oz. Standard character height, 6 
in. with spacing of %:2 in. Radson En- 
gineering Corp., Macon, III. 

Circle 520 on Inquiry Card 


VARIABLE DELAY LINE 


Model VLR 15 delay line has three 
adjustable taps; resolution is 0.025 
usec, rise time is 0.072 usec. Delay is 


variable from 0 to 1.5 usec. Thermal 
stability over temperature range of —29 
to +60 C is 50 ppm per deg C. Hermet- 
ically sealed in metallic case, rated life 
is 2000 hr at 60 C. Allen Avionics, Inc., 
255 E. Second St., Mineola, N. Y. 

Circle 521 on Inquiry Card 


SPEED-LIMITING SWITCH 


“Dazic” shaft-driven controls are en- 
cased in explosion-proof housing. Con- 
tacts: SPDT, totally enclosed, snap 


action. Rating, 10 amp at 125, 250 or 
460 volts a-c; Y% amp at 125 volts d-c 
and 14 amp at 250 volts d-c. Designed 
for driven speeds up to 1800 rpm. 
Units operate in ambient temperature 
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PORTER-CABLE depends on. 
USG° BRUSHES for the efficient power 
and endurance of their quality tools... 


Porter-Cable home and shop portable power 
tools are quality built to the highest standards 
in the industry. Contractors and builders, 
home craftsmen and hobbyists have come to 
expect Porter-Cable power tools to give long 
years of dependable, trouble-free service. 


Naturally, Porter-Cable specifies only the best 
components for their products, including 
USG Motor Brushes. 


Vital to power, efficiency and endurance of 
electrically powered units, USG Motor 
Brushes are giving excellent, maintenance- 
free service in thousands of applications in 
fractional H.P. and industrial type motors, 
generators, crane and mill motors, marine 
and transport motors and dynamos. 


The United States Graphite Company manu- 
factures a complete line of motor and genera- 
tor brushes and contacts that include carbon, 
carbon-graphite, electro-graphitic, metal- 
graphite and silver graphite. 


For complete information on USG brushes and contacts, 
write for Catalogs B-56 and the USG grade list. 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION THE WICKES CORPORATION, SAGINAW 8, MICHIGAN 
GRAPHITAR® carson-crapnite © GRAMIX® powneR METALLURGY © MEXICAN® GRAPHITE ed USG® BRusHEs 
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In the broad range of 


Vasco prealloyed 
metal powders 


Wace) 
silicon- iron 


for electrical and magnetic parts 


The many VASCO nickel-iron and silicon-iron powder alloys now availa- 
ble permit you to specify metal powder parts with magnetic properties 
exactly fitting your requirements. These prealloyed powders (alloyed by 
melting ) enable significant reductions in lead time to full component pro- 
duction, frequent savings in cost, and interesting possibilities for minia- 
turization. For details on VASCO prealloyed powders, and names of 
fabricators of magnetic alloy parts, write us. 


& °*, VANADIUM-ALLOYS STEEL COMPANY 


” POWDER METALLURGY DEPARTMENT 
v7] LATROBE, PENNSYLVANIA 
¢ & 


Circle 192 on Inquiry Card 


range of —20 to +200 F. Winterburn 
Mfg. Co., Putnam, Conn. 
Circle 522 on Inquiry Card 


IMPULSE COUNTER 


Model CG-H vapor-sealed counter will 
add or subtract, has capacity from 0 
to 999; speed is 10 counts per sec. 
Power consumption is 8.5 watts at 28 


volts d-c; rated life is 1 million opera- 
tions. Operating temperature range is 
—65 to +150 F, withstands vibration 
to 55 cps, 0.036-in. double amplitude. 
Abrams Instrument Corp., Lansing, 
Mich. Circle 523 on Inquiry Card 


MINIATURE TERMINAL 
BOARDS 


Terminal boards on 0.100-in. grid pat- 
terns are fabricated from glass-filled 


a 
i 


2 


epoxy, melamine or silicone laminates. 
Terminals are brass, phosphor bronze 
or beryllium copper, silver or gold 
plated. Part illustrated contains 100 
terminals per sq in. Terminals measure 
0.062 in. OD, height is 0.156 in. Ac- 
curate Electronics Corp., 169 So. Abbe 
Rd., Elyria, Ohio. 

Circle 524 on Inquiry Card 


TRANSISTOR HEAT 
DISSIPATOR 


Dissipator for power transistor provides 
means of mounting TO 3 and TO 6 
devices, dissipates to 10 watts of power. 


Mounting fits all transistor package 
tolerances, is for air- and water-tight 
packaging. Surface is treated to insure 
low thermal resistance. Accel Elec- 
tronic Products, P. O. Box 467, Mon- 
terey Park, Calif. 
Circle 525 on Inquiry Card 
(Continued on page 192) 


ELECTRO-TECHNOLOGY 





0111 Series 


TOGGLE SWITCHES 

Enclosed in impact-resistant 
molded phenolic, all basic McGill PORTER CABLE ends switch service complaints 
LEVOLIER toggle switches are The No. 25 6 amp. 115-250V toggle switch is 
dust-proof, vibration-proof. Avail- used on the well-known Porter-Cable Model 
able as standard in 6 amp. to 20 145 electric finishing sander. Dust-proof, vi- 
amp. models with added DC and HP bration-proof in its phenolic case, it provides 
ratings; single pole or double pole, thoroughly dependable operation in an ap- 
Choice of wire leads, soldering plication where dust, vibration and rapid 
lugs or screw terminals on heat changes are practically integral parts 
most models. of the operation. Porter-Cable chain saws 

use McGill switches also. 


0800 Series 


1901 Series 


20 AMP ROCKER SWITCHES MOMENTARY CONTACT SWITCHES 


A new series of switches to meet the appearance, Designed especially to apply extra perform- 
operational, dimensional and cost requirements of a ance and life advantages where 30 amps., in 
wide range of appliance and electrically powered small size, can simplify assembly and elimi- 
equipment applications. Hundreds of variations with nate auxiliary components. Simplified mo- 
respect to actuator colors and sizes, mounting brack- mentary contact switching action utilizes 
ets, circuitry and terminals are available to solve two precision wound stainless steel springs. 
your specific problem. Heavy duty construction and Contact bounce is eliminated. Solid copper 
20 amp 125V AC 1% HP ratings assure long, depend- contacts are inlaid with silver cadmium ox- 
able life. ide. Ratings to 30 amp., 125-250 V with 2 
amp. 125V DC and 2 HP 250 V AC ratings. 
6 actuators and choice of terminals. 


Specially Engineered McGill Switches 


If you have a special switch requirement, ask us for help. 
Sometimes we can make a minor modification of an 
existing switch, sometimes it really takes a new design. But 
chances are we can help you with a switch that will 

do the job right — and save you money in assembly: 

time too. Write or call today. 


engineered electrical produets — 


SGILE 


precision needle roller bearings 


NEW CATALOG 


No. 60 is just off the press, It’s yours for 
the asking — write for your copy today. 


McGILL MANUFACTURING COMPANY, INC:, Electrical Div., 700 N. Campbell St., Valparaiso, indiana 
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Tolerance Buildup No Bugaboo with 
Punched Laminated Plastics Parts 


The compounding of individual tolerances on several punched holes 
or cutouts over the length of the piece is not the bugaboo that 
many designers believe. Careful die work and good working knowl- 
edge of the laminate used minimizes tolerance buildup. A good 
example of what can be done is the insulated pusher fabricated 
by Taylor for a high-performance crossbar switch manufactured 
by James Cunningham, Son & Co., Inc., Rochester, N.Y. 

These switches are 3-dimensional conductor matrices, with from 
30 to 1200 switching contacts, which bring intelligence from as 
many as 600 sources to one or more readout or signal points. 
They are basic components in computers, machine tool program- 
ming systems, high frequency scanning systems, thermocouple 
and strain gage monitoring, and similar equipment. 

The insulated pusher, only 2.955 in. long and .031 in. thick, and 
fabricated from Taylor Grade GEC-500 glass epoxy laminate, is a 
critical part of the crossbar. It must |be held flat within +.005 
in., with total over-length buildup not exceeding +.002 in. 

The materials used before to fabricate the pusher proved 
difficult to hold to the tolerances required. The success of the 
GEC-500 iaminate fabricated by Taylor is evidenced by marked 
reduction in rejects and a 20% gain in production. 

Taylor Fibre’s Fabricating Division has the manpower, experience 
and equipment to produce parts to close tolerances from any of 
the company’s raw materials. Send us your problem—we will 
recommend the best material for the job and quote on production 
runs. Write Taylor Fibre Co., Norristown 37, Pa. 


LAMINATED 1QY10. VULCANIZED FIBRE 
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DIODE SEAL ASSEMBLIES 

Beaded leads and glass-seal sub-as- 
semblies used in manufacture of glass 
diodes have moly or dumet studs. Hard- 


Ze 
a 
eo 
TINS 


glass packages are also supplied. Sub- 
assemblies are produced to fit individual 
diode manufacturers’ specifications. Al- 
loys Unlimited, Inc., 21-01 43 Ave., 
Long Island City, N. Y. 

Circle 526 on Inquiry Card 


DIGITAL LOGIC MODULES 


Series 1200, 2100 and 3000—collector- 
gated, general-purpose, and NOR/NAND 
logic modules, respectively—are intend- 
ed for computer applications. Collector- 
gated series operates from —54 to 
+85 C with speeds to 200 kc. General- 


purpose series minimizes use of buffer 


v: 


amplifiers, also operates to 200 kc, has 
lower temperature range. Series 3000 
has multi-input stroke circuit used as 
both buffered gate and storage device; 
frequency range, 100 kc; temperature 
range 0 to 55 C. Computer Techniques, 
Inc., 3300 Northern Blvd., Long Island 
City 1, N. Y. 

Circle 527 on Inquiry Card 


SOLID-STATE CONTROL RELAY 


Industrial relay has sensitivity of 1 
wwatt; features high-gain magnetic 
amplifier input stage. D-C control signal 
of 1 pamp at 1 my into 1000-ohm 
winding controls 1800 watts of 60-cps 
power. Second stage of unit is a transis- 
tor which drives output relay. Provides 
high sensitivity with rugged relay 
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Yes, they are available...from O as MI ITE 


Tan-0-Mite® Series TS 
Capacitors Meet All 
Requirements of 


CHAR. “C" 
MIL-C-3965B 


BASIC STOCK 
MIL VALUES 


CL44CB300SP3 

CL44CB141SP3 

CL44CB331SP3 

CL44CC250SP3 

CL44CD200SP3 

CL44CD101SP3 

; CL44CD251SP3 

Ohmite can supply all three sizes of “‘hat shape” capacitors for use in equip- CL44CE150SP3 


ment requiring MIL-C-3965B units. The 29 basic stock values as listed at CL44CE700SP3 
right are the uninsulated type, CL44, with an “S” tolerance of —15 +20%.* ee ; 


They are available also from stock as insulated units, CL45, with plastic CL44CHOBOSP3 
sleeves. A “T”’ tolerance of —15+50% can be supplied on both types. CL44CH400SP3 


Standard tolerance “K,”’ + 10%, is offered on commercial units. Special aes 
1 | | eieleed L44CJ050SP3 
closer tolerances also furnished cuseciosaaes 


Ohmite manufactures a big, full line of tantalum slug, foil, and wire 
; i ; ; : , CL44CJ600SP3 
capacitors for all pertinent MIL specifications as well as commercial appli- CL44CKO40SP3 


cations. Complete details are covered in Bulletins 148, 152, and 159. Why CL44CK200SP3 
CL44CK500SP3 


not write for a set now? 
+ NA ' eid \ CL44CL3R5SP3 
{ 4 is furnished by Ohn VIL OS Loler ince of J CL44CL150SP3 
CL44CL400SP3 
OHMITE MANUFACTURING COMPANY . CL44CN2R5SP3 


OHMITE 
3613 Howard Street, Skokie, Illinois CL44CN110SP3 


CL44CN300SP3 
rs Precision Resistor: CL44CP1R7SP3 
Var ntalum Capacitors CL44CP090SP3 

CL44CP250SP3 


JULY 1961 Circle 195 on Inquiry Card 





WHISPER 
QUIET! 


THE MOST EFFICIENT, 
THE MOST RELIABLE MOTORS 
MONEY CAN BUY 


The unexcelled performance 

of GI motors together with 

the unusually low sound level 
means extra care and control in 
every step of design and 
manufacturing — and extra 
dependability in day-in, day-out 
operation. That’s why, for 40 
years, the great names in industry 
have preferred to rest their 
reputation on GI motors. 

GI produces a “Smooth Power” 
motor for every sub-fractional hp 
requirement — including yours. 
Write today for complete 
full-line catalog. 


SMOOTH POWER 


AC MOTORS 


eeeeveeeneeeveeeeeeeeeeeeeeeeeeeeeeeee ee eeeeeeeos 


See Our Catalog in 
SWEETS 
7a-Gen 


6 


or Write for Copy 


1/1800 H.P. TO 1/35 H.P, 


Quantity Price Quotation on Request 


CR ae 


DEPT. GL 


Circle 196 on Inquiry Card 


ELYRIA, OHIO 








switching. Acromag, Inc., 22515 Tele- 
graph Rd., Southfield, Mich. 
Circle 528 on Inquiry Card 


SOLID-STATE SWITCH 
Type SW 101 low-level switch handles 


input signals within range of 0 to —1 
volt with resolution of 5 mv. Switching 
transient less than 4 mv; switches on 
command at any frequency from 0 to 


1000 cps. Unit requires no external 
transformer for operation, gating power 
less than 2.5 mw. Closed-circuit im- 
pedance less than 100 ohms. Alpha- 
Tronics Corp., 1033 Engracia, Tor- 
rance, Calif. 

Circle 529 on Inquiry Card 


ALUMINUM-SILICON-COPPER 
ALLOY 


“Ampcoloy” 405 is a light-weight, wear- 
and corrosion-resistant alloy for high- 
production screw-machine work. Avail- 
able in solid, round and hexagon ex- 
truded shapes for use as bushings and 
cams, etc. Material is non-magnetic, will 
hot forge, is free-machining. Withstands 
relatively high temperatures. Ampco 
Metal, Inc., Box 2004, Milwaukee 1, 
Wis. 

Circle 530 on Inquiry Card 


MERCURY SWITCHES 


“Merc-Amatic” Series 700 pushbutton 
stations permit as many as eight poles 
to be incorporated into self-contained 
switch assemblies. Unbreakable steel- 


clad contactors are dust, dirt and mois- 
ture proof. High current-interrupting 
capacities. Tigerman Engineering Co., 
4332 No. Western Ave., Chicago 18. 
Circle 531 on Inquiry Card 


RETRACTABLE-COIL CORDS 

Neoprene-jacketed cords are permanent- 
ly coiled into spring shape, minimize 
entangling and twisting of line cords. 
Cords prolong useful life, resist oil and 
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Spaulding GFW-60 is designed 

to provide industry with a material 
of extremely high burst strengths 
for such applications as circuit 
breaker arc interruption chambers, 
high-voltage fuse tubes, switch 
gear and similar type components. 
It can be furnished with fibre 
liners, metal inserts, or with 
conductive layers. 


SPAULDING GFW-60™ 


*Glass filament wound epoxy tubing 
gives industry a new 
high burst strength material 


Its ratio of burst strength to axial 
tensile strength can be varied 
to fit specific applications. 


It is available in a variety of 
circular sizes and lengths, and 
with special shapes. 


PROFILE OF CHARACTERISTICS [cre ous 


Tensile Strength 


Compression Strength psi 
Axially As Received 
Radially As Received 


As with All of its Products for Industry, Spaulding Offers Complete ; 

. ‘ : : ; ; Dielectric Strength Short Time 
Value Analysis and Fabricating Services for Your Application of V/M Perpendicular 

GFW-60. Contact Spaulding for Details. 


SPAULDING FIBRE COMPANY, INC. 


327 WHEELER STREET, TONAWANDA, NEW YORK 
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... Variations 
rela es, 


BR-12P (case removed) 


In one versatile new BR-12 micro-miniature 
series, Babcock offers relay types suitable to a 
wide range of novel uses in extreme environments. 
The BR-12P is an especial boon to those designing 
for both sides of the component card due to low profile 
and side header mounting arrangement. A second type, 
the BR-12K, provides sensitivity down to 20 mw. Both types 
have contacts rated at dry circuit through 3 amps resistive. 
Performance characteristics are generally shared with other 
types in the BR-12 Series. All are available with activated 


getter material, providing lifetime prevention of contami- 


nation effects at dry circuit to rated current on contacts. 


You are invited to request 


complete technical data. 


PERFORMANCE 
CHARACTERISTICS - BR-12 SERIES 


Contact Rating: 3 amps resistive @ 32 VDC Standard 
Vibration: Minimum 30g to 3000 cps, 
to 50g on sp Emre he 
Shock: Standard g or special, 125g 
Temperature: —65°C to +125°C 
Note: All Babcock Relays are checked out for 
leakage rate of 10 ®cc per second 
on mass spectrometer 


BABCOCK RELAYS, INC. 


1645 Babcock Avenue 


Costa Mesa, California 


Circle 198 on Inquiry Card 





weather damage. Available as power 
cords, shielded communication cords, 
and retractile test-lead wire. Rectractile 
test lead wire has extended length of 
6 ft, retracts to 12 in. Alpha Wire Corp., 
200 Varick St., New York City 14. 
Circle 532 on Inquiry Card 


ASBESTOS-TFE- 
FLUOROCARBON 


Asbestos material has low thermal ex- 
pansion coefhcient, offers low resistance 
to deformation under load. Inert to most 
chemicals, withstands temperature 
range of —425 to +500 F. Minimum 
tensile strength is 1500 psi, depend- 
ing on grade of material. Proportions 
of Teflon and asbestos may be varied. 
Auburn Mfg. Co., Middletown, Conn. 
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COMMUTATING SWITCH 


Series of mechanical switches, desig- 
nated Model 210, offers one-pole and 
multi-pole configurations for commu- 
tation of 64- and 100-channel informa- 
tion. For 20-cps operation, units are 
available with or without 1200-rpm, 115- 
volt, 60-cps synchronous-hysteresis drive 


motors. Mercury replaces conventional 
wiper arm for commutation, assures 
1000-hr operation without maintenance. 
Unit measures 914 in. high, 5%e6 in. 
diam. Advanced Technology Labora- 
tories Div., American-Standard Corp., 
369 Whisman Rd., Mountain View, 
Calif. 
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HIGH-PRESSURE SOLENOID 
VALVES 


X10 valves are stainless-steel, direct- 
acting, slide type designed to control 
systems at pressures up to 2000 psi. In- 
let, %2 in. and cylinder orifices with 1% 
in. NPT. Can be used as two-way nor- 
mally open or normally closed or three- 
way normally closed, normally open or 
dual-purpose valves. Built to UL stand- 
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WHO MAKES GEARMOTORS THIS SMALL? 


Globe Industries makes d.c. (and a.c.) gearmotors this 
small to make your design more compact, reliable and sal- 
able. If you need an exact speed-torque combination in a 
precisely engineered package, look at these 4: 

TYPE VS—Motor is %,” flat, develops .0025 hp @ 8,000 
to 17,000 rpm, and can use our standard modular spur 
gearing in 62 ratios. Continuous duty torques to 35 oz. in. 
available. Gear box can be side mounted (as shown) or end 
mounted with a frontal area of only 0.4 square inch. 

TYPE SS—a 7%” diameter d.c. motor that develops 
.004 hp @ 8,000 to 17,000 rpm. Compatible gearing sys- 
tem has 21 planetary ratios or 28 spur gear'ratios. Con- 
tinuous duty torques available to 300 oz. in. Governors, 
brakes and filters designed to meet MIL specs also. 


TYPE MM & LL—Most widely used 114” diameter pre- 


GLOBE INDUSTRIES, INC. 


cision miniature motors and gearmotors in the world. 
Choose from 101 standard planetary ratios; torques to 
1000 oz. in. Because these and other Globe motors have 
many standard armature windings, it’s easy to get the ex- 
act speed-torque combination you need. Motors to .015 hp 
@ 6,000 to 15,000 rpm. 


TYPE BD & BL—1!4.” diameter d.c. motors with plan- 
etary gearing in 22 ratios. Unit illustrated provides up to 
100 in. Ib. continuous duty. With a 3” final stage, contin- 
uous duty torques to 500 in. Ib. (1000 in. Ib. intermittent) 
are available. These can replace units 5 times their size 
and weight. Motors to .033 hp @ 4,000 to 10,000 rpm. 


Delivery is prompt; cost is reasonable. For details about 
d.c. and a.c. gearmotors request bulletin GGM from Globe 
Industries, Inc., 1784 Stanley Avenue, Dayton 4, Ohio. 


GLOBE 


PRECISION MINIATURE MOTORS. GEARMOTORS. TIMERS, 
ACTUATORS. CLUTCHES, BLOWERS, MOTORIZED DEVICES 
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THESE ARE SPRAGUE'S TWO OUTSTANDING 
HIGH-TEMPERATURE MAGNET WIRES 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up To 200°C 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up To 250°C 


CERAMIC SINGLE-SILICONE 


CERAMIC SINGLE-TEFLON 


DOUBLE 
TEFLON 
OVERLAY 


CERAMIC MEAVY-TEFLON 


ENLARGED CROSS-SECTIONS OF CERCC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 


ail 


SPRAGUE ELECTRIC COMPANY 


307 MARSHALL STREET, NORTH ADAMS, MASS 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.* * * *k x 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


SS 


THE MARK OF RELIABILITY 
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ards for use in gasoline vapor, coal or 
grain-dust environments. Skinner Elec- 
tric Valve Div., Skinner Precision In- 
dustries, Inc., 95 Edgewood Ave., New 
Britain, Conn. 
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PHENOLIC LAMINATE 


T-744 has stable dielectric properties 
which reduce drift tendencies in TV 
tuners. Hot-punch paper-base laminate 
comes in natural tan from 1/32 to ¥% 
in. thick. Excellent dimensional sta- 
bility. Said to have better than XXXP 
properties. Richardson Co., 2861 Lake 
St., Melrose Park, IIl. 
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LOAD SENSOR 


Model 683 is a transistorized control 
package which provides relay response 
as a function of current in its pickup 
probe. Output relay can operate coun- 
ter, recorder or meter. Useful for moni- 
toring machine load time or peak load 
limiting. Dimensions: 64 in. wide x 8 


“~~ 


in. high x 8 in deep. Maximum sensi- 
tivity, one turn through pickup probe, 
60 ma. Maximum signal input, 100 amp. 
Output, SPDT relay contacts, 115 volts, 
5 amp. Power required, 115 volts a-c, 
50 to 60 cps, 25 watts. Trott Electronics, 
Inc., 412 Smith St., Rochester 8, N. Y. 
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MINIATURE TAP SWITCH 


Type 3A molded switch is available 
with as many as eight decks, up to 12 
positions per deck, single-pole, six po- 
sitions double-pole, and adjustable stops 
if lower number of steps is needed. 
Diameter, 114 in.; weight, 30 gm. Rated 
at 1200 volts rms, 2000 volts d-c, 5 
amps at 115 volts. Insulating resistance, 
100 megohm min at 500 volts d-c. Con- 
tact resistance, 6 to 10 milliohms. Life 


ELECTRO-TECHNOLOGY 





BEARING 
WITH A 
RED HOT FUTURE 


MOTION ENGINEERING 


Advanced ball and roller bearing technology 


On special test equipment in SfSF’s research laboratory, 
experimental ball and roller bearings are run at tempera- 
tures up to 1000° F and above—conditions under which 
steel becomes red hot and loses its strength, while conven- 
tional lubricants burn or boil away. To meet these prob- 
lems, bearings made of special heat-resisting alloys and 
exotic new materials are tested and evaluated. New ideas 
in design and new approaches to lubrication are constantly 
being investigated. 

Bearings to resist extremely high temperatures are 
needed for improved, high performance jet engines, gas 
turbines and other equipment. Special S&F bearings have 
been tested successfully in environments at about 1000° F. 
Under certain conditions of operation, much higher tem- 
peratures are practical. 

Research like this is your assurance that SIF will al- 
ways keep pace with demands for the highest possible 
performance in all major types of rolling contact bearings 
—ball, cylindrical roller, spherical roller, tapered roller 
and precision miniature. S&SF Industries Inc., Philadel- 
phia 32, Pa. 6103 
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N EW! Solid State 


time/delay/relays 


..With traditional AGASTAT*® reliability! 


Now available . . . solid state time/delay/relays with the accuracy essential 
for critical missile and computer applications! These new AGASTAT re- 
lays are the result of over 25 years’ time delay engineering and manufacturing 
experience . . . specialized experience which has made AGASTAT the 
standard of reliability throughout industry. 

Advanced design combines specially selected semiconductors and other com- 
ponents in a “modular-sandwich” configuration. Result: the standard mod- 
ules mean flexibility; uniformity; and rapid delivery of “custom” produced 
prototypes. The solid state AGASTAT is hermetically sealed . . . resistant to 
vibration and shock. Special circuitry protects against input polarity re- 
versal, provides immunity to voltage transients and continuously modified 
inputs. 

What are your requirements? These solid state relays are only 1-5/16” sq. 
... available in six standard types, with delay on pull-in or drop-out; timing 
ranges from 0.01 sec. to 10 hours, fixed or adjustable. Operation—18-32 vdc; 
-55c¢ to 125c; load capacity to 5 amperes. Write Dept. $1- 67 for data sheet. 
Or ask for a quotation on your special application requirements. 


TIMING INSTRUMENTS 
Ga) ELASTIC STOP NUT CORPORATION OF AMERICA 
ELIZABETH DIVISION « ELIZABETH, NEW JERSEY 


IN CANADA: ESNA CANADA, LTO., 12 GOWER ST., TORONTO 16, ONTARIO, CANADA 
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is 1.5 to 2 million revolutions within 
—65 to +80 C temperature range. 
Meets MIL-S-3786 and applicable para- 
graphs of MIL-E-5272C. Tech Labora- 
tories, Inc., 24 Bergen and Edsell 
Blvds., Palisades Park, N. J. 
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HEAVY-DUTY TRANSMISSION 


Model 18700-EC contains electromag- 
netic clutches and 
changes and reversing without inter- 
rupting power. Clutch canccity. 3°59 


provides speed 


lb-ft running. Unit is available in two, 
three or four speed changes with maxi- 
mum reduction of 10:1. Dimensions, 
32 x 22 x 20% in. Western Manufac- 
turing Co., 3400 Scotten Ave., Detroit 10. 
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ELECTRO-LUMINESCENT 
READOUT LAMPS 


“Rayescent” units, designed to display 
letters and numbers, are flat panels of 
glass with an electrical conductive film 
coated with special phosphor. When 
voltage is applied, panel glows. Letters 
are formed by energizing specific seg- 
ments of 14-segment alphabet panels or 
10-segment number panels. Can be read 
at distances up to over 100 ft. Operate 
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AND LEARN HOW YOUR COMPANY 

CAN REDUCE OFF-THE-JOB ACCIDENTS... 
AND THEIR SHOCKING TOLL 

OF WASTED LIVES AND DOLLARS. 


Until recently, executives have felt there was little they. could 
do to control the rising total of nonwork accidents. But the experi 
ence of many companies with the TOTAL SAFETY PLAN developed 
by the National Safety Council shows that industry can reduce 
these accidents—by as much as 30%! 

Here's proof from one of America’s largest companies. They 
lowered their nonwork accident rate by * in just five years, using this 
Total Safety Plan! Even more reece they cut their employee 
auto cPreuiey Cn 85% below the rate for all U.S. workers! And they 
shaved another 50% off their already low meeueest cat heh 


YOUR COMPANY CAN ACHIEVE THE SAME KIND OF RESULTS 


When you prevent an off-the-job accident you not only help savga life 
but you help stop a serious drain on your company’s profits. The average 
nonwork accident costs employers $72. The average company grossing 
$1 million nets around $73,000. If this company prevents ten nonwork acci 
dents, it can add 1% to net! 

The booklet ‘‘The Challenge to Management of Off-the-Job Accidents” ‘will 
show you how to figure your company’s nonwork accident rate and costs. It will 


show you many proved ways in which you Can preserve precious lives and profits 
Send the coupon for your copy today 


Published to save lives NATIONAL SAFETY COUNCIL 


in cooperation with : 425 NORTH MICHIGAN AVENUE 
The Advertising Council ; CHICAGO 11, ILLINOIS 


and the National Safety Council 


SUPPORT YOUR LOCAL . NAME 
SAFETY ORGANIZATION "Rang —a 


44 sant 


Please send a copy of “The Challenge to 
Management of Off-the-Job Accidents.” | 
want fo learn how my company can save lives 
and dollars with your TOTAL SAFETY PLAN. 


city ——________eesesesesFeZ ONESTAT 
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SPECIAL 
GEARED INDUCTION © 
MOTORS FROM KEARFOTT 


Kearfott Special Geared Induction Motors meet the needs 
of a wide range of application problems. The motors 
shown here represent part of the many types available for 
the most demanding loads and environmental conditions. 


- 


DEF-15-1 | EXPLOSION-PROOF GEARED INDUCTION MOTOR 
High starting torque makes this explosion-proof design ideal for 
hoist, gear pump and compressor applications. 

Input: 200/400 volts, 400 cps 


360 watts at full load 
TYPICAL CHARACTERISTICS os. v4 hp, 1,490 rpm 


Weight: 11.0 Ibs. 


DE-30-14 | HIGH-PERFORMANCE GEARED INDUCTION MOTOR 


This is a high-performance unit, incorporating a specialized gear 
box, oil-filled gear case and extremely compact construction. 
Input: 208 volts, 400 cycles, 3 phase 
TYPICAL CHARACTERISTICS Output: 0.325 hp, 5600/1725 rpm 
Weight: 12 Ibs. 4 oz. 


Write for complete data 


KEARFOTT DIVISION 


GENERAL PRECISION, INC. 


Little Falls, New Jersey 
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at either 240 or 460 volts and 60 or 400 
cps. Large-size lamp uses 0.12 watts 
when all segments are lighted. Transis- 
tor power packs available. Westing- 
house Lamp Div., MacArthur Ave., 
Bloomfield, N. J. 
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CASE HANDLES 


Vinyl-grip aluminum handles capable 
of supporting 125 lb meet MIL-T-945A. 
Keeper available either with mounting 


holes for rivets or blank for spotweld- 
ing. Attaching tool permits installation 
of keeper without handle. TA Manu- 
facturing Corp., 4607 Alger St., Los 
Angeles 39. 
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INSULATION SLEEVING 


Resinite 105C transparent vinyl tubing 
is resistant to heat, fungus, oil, alcohol 
and common acids. Approved by Under- 
writers Laboratories. Meets MIL-I-631C 
Type F, Form U, Grade c, Classes I and 
II, Cat. 1. Electric strength, 1000 volts/- 
mil average. Working temperature from 
—10 to +221 F, continuous operation 
at 105 C. Tensile strength, 2900 psi 
min with burst strength of 75 psi. The 
Borden Chemicals Co., 1 Clark St., 
North Andover, Mass. 
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STEPPING SWITCH WITH 
104 POSITIONS 


Model 100619 fast-acting, solenoid- 
operated, rotary switch has various 
platings on beryllium-copper contacts. 
Decks may be stacked and shorting ring 


can short out any combination of con- 
tacts per deck. Actuated by vibration- 
free rotary solenoid operated by exter- 
nal pulse. Standard input voltage, 24 
volts d-c. Contact carrying capacity, 2 
amp. Working voltage between ad- 
jacent contacts, 3000 volts d-c. Maxi- 
mum resistance drop through contacts 
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MOTORS 
1/200 thru 200 HP 





from machine tools to typewriters... . 


..- Robbins & Myers 
motors power them all! 


Each R&M motor, 1/200 through 200 HP, is electri- 
cally and mechanically designed with life-prolonging ‘ S =) 
features which assure dependable operation, simplified , >." 
installation and low maintenance. From rugged machine Pitter mat Cee 
tools to complex business machines, there’s an R&M ' 1 thru 200 hp 
motor for every job... Fractional and Integral H.P. 
Motors and Motor Parts in all popular mountings, elec- 
trical types and enclosures. Most are ready for off-the- ra 
shelf delivery. Others can be quickly produced. Should a 
you require custom motors, R&M’s experienced appli- a 
cation engineers, aided by modern electronic computers, 
can furnish the one design best suited to your needs. a i fy 
special application, 
1/100 thru 1/3 hp 


ROBBINS & MYERS, INC., Springtield, Onio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moynog Industrial Pumps 
Propellair, Industrial Fans * R&M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 
Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario, 







POTTY motors, 
1/200 to 1 hp 















Ae tL 
or series parts, 
1/50 to 1/2 hp 


Write today for information, or send your powering 
problem to R&M. No obligation, of course! 
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for 1 bomber: 


TEA 
a 


...Up to 


Different Brush Types’ 


Over 3 () 


Brushes Needed 


»».,and Stackpole makes all types! 


STACKPOLE 


HIGH-ALTITUDE AVIATION BRUSHES 


STACKPOLE CARBON CO., ST. MARYS, PA. 


BRUSHES, FOR ALL ROTATING ELECTRICAL EQUIPMENT * ROCKET NOZZLES « ELECTRICAL CON- 
TACTS » CERAMIC MAGNETS « FERRITE CORES » GRAPHITE BEARINGS & SEAL RINGS * PUMP VANES 
ELECTROCHEMICAL ANODES *« WELDING & BRAZING TIPS * VOLTAGE REGULATOR DISCS « FIXED 
& VARIABLE COMPOSITION RESISTORS * RELATED CARBON, GRAPHITE AND ELECTRONIC PRODUCTS. 
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and slip rings, 0.05 ohms. Astral Elec- 
tronics, Inc., 14620 Arminta St., Van 
Nuys, Calif. 
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HIGH-FREQUENCY RESISTOR 


Wirewound units up to 1 megohn, with 
an accuracy of 0.005 per cent, exhibit 
a rise time of 0.2 usec and capacitance 


een 


of less than 0.1 pf. Winding direction is 
alternated as the wire proceeds from 
one pi section to the next for minimum 
inductance. Reon Resistor Corp., 155 
Saw Mill River Rd., Yonkers, N. Y. 
Circle 544 on Inquiry Card 


SMALL-SPACE COOLER 


“Delta-T” semiconductor cooler NC-401 
is designed to achieve maximum cool- 
ing in minimum space. Thermal resis- 
tances from 2.8 C/watt to 0.8 C/watt 


for natural convection and as low as 
0.25 C/ watt for forced convection avail- 
able. Optimum spacing of aluminum 
fins and high base-conductivity achieves 
maximum efficiency per unit weight. 
Wakefield Engineering, Inc., 414 Main 
St., Wakefield, Mass. 
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COUNTERS 


Series 1801 pre-determining counters, 
for material-handling applications, can 
register up to 1500 counts per min. Re- 
set time, 150 millisec. Model P-1801 
measures 752 high x 4% wide x 51%4 
in. deep and weighs 5 lb. Electronic 

(Continued on page 207) 
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Ampex’s Advanced Re- 
corder/Reproducer, the 
FR-600 used for testing 
the Minuteman Missile. 


ALLEN-BRADLEY @¢@ 


Alero tery (om Mel i) ele eu e 


In the design of the highly sophisticated circuitry for this 
advanced recorder, engineers at Ampex selected Allen- 
Bradley quality electronic components to meet the criti- 
cal requirements for reliability, long life, and quiet opera- 
tion. For example, the use of Allen-Bradley potentiome- 
ters — with their exclusive solid, hot molded resistance 
element — assures smooth control at all times. There are 
never any abrupt changes in resistance during adjust- 
ment as in wire-wound resistors. Also the “noise”’ factor 
is extremely low initially, and it decreases with use. 

Allen-Bradley composition fixed resistors—also made 
by an exclusive hot molding process—are fantastically 
uniform. Their electrical characteristics are so consistent 
from resistor to resistor that performance over long peri- 
ods of time can be accurately predicted. And catastrophic 
failure is unheard of—when you use Allen-Bradley 
composition resistors. 

For the ultimate in reliability and performance, insist 
on Allen-Bradley quality electronic components. Send for 
Publication 6024 today. 


Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, 
Wis. In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


ALLEN-BRADLEY 
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This shows a few of the A-B 
components in one of the 
Ampex recorder's modules 


Portion of one 
of 14 CRT 
monitors, each 
containing 8 
A-B Type G 
Potentiometers. 


A-B QUALITY ELECTRONIC COMPONENTS 
USED IN AMPEX WIDE-RANGE RECORDER 


ty Be 


Fixed Composition Adjustable Fixed Type G 
Resistors Resistors Potentiometers 


Type J 
Potentiometers 


QUALITY 
ELECTRONIC 
COMPONENTS 





} Dependalrliy 
PROWED’ 


1 ,..in tests at 5 Times 


mil specs for 
y shock, vibration 
and PN Tee 





Potentiometers Potentiometers Adjustable Hermetically Sealed 
Type J and Type G and Fixed Resistors Ceramic Encased Resistors 
Type K Type L Type R Type TS Type CS Type ES 


In these severe tests, Allen-Bradley resistors and 
potentiometers have demonstrated their complete 
dependability in environmental extremes. 

The ruggedness of A-B fixed resistors is obtained 
through an exclusive process in which the resistance 
element and the insulating jacket are hot molded 
into an integral unit of unusual mechanical strength. 
This unit is then hermetically sealed in a ceramic 
tube. Also, please remember, A-B fixed resistors are 
completely free from catastrophic failures. 

A-B potentiometers have the resistance elements 
molded into, and are an integral part of, the base; 

Ab ele) ut th S te st therefore, they are virtually indestructible. In addi- 
At the United States Testing Co., Inc.* tion, operation is quiet and smooth when the po- 
the above Allen-Bradley resistors and po- tentiometer is new, and these characteristics improve 


tentiometers were subjected to a constant with use. 


acceleration of 300g, impact shock of 150g For maximum reliability under severe operatin 
and vibration of 50g from 55 to 2,000 cps. y mn g 


All tests were conducted in accordance with conditions, insist on Allen-Bradley quality elec- 


procedures outlined in the latest Mil Specs. tronic components. 
*Test Report #71801, Sept. 1960. 
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Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
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COMPONENTS 
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Controls Div., Veeder-Root Inc., Dan- 
vers, Mass. 
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MICROMINIATURE 

| CAPACITORS 

| TS solid-slug tantalum capacitors range 
in overall size from 0.150 to 0.240 in. 
long x 0.065 to 0.070 in. diam. Operat- 


New 

MUG aURR: 
solid-state 
Cm NY 


ieee) Bt 
all solid-state 


viata 
a Ce 





ing temperature range, —55 to +85 
C. Shelf temperature range, —80 to 
+125 C. Ratings from 0.01 wf and 15 
volts to 20 wf and 4 volts. Transitor 
Electronics, Inc., West Rd., Bennington, 
| Vt. 
NO TUBES, NO CHOPPERS, NOTH- 
ING BUT PERFORMANCE. An 
ingenious arrangement of all 
solid-state components endows 
this operational amplifier with 


BALANCED OUTPUTS, COMPUT- 
ING GRADE. The 6033 is the 
latest addition in the distin- 
guished line of Philbrick power 
supplies. It will energize at 
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SILICON RECTIFIERS 


Series “A” axial-lead rectifiers have 


the most remarkable and ver- 
satile characteristics. But let’s 
let them speak for themselves. 
Full differential input: truly float- 
ing with respect to ground. 
No common mode error. Low 
input current: typically 10 
amps. Low noise: typically 
under 10 microvolts in the 
de to 1 ke range. Sub millivolt 
long term stability: less than 


| current ratings to 0.5 amp for humidity | 
| protection exceeding requirements of | 
MIL-202A, Method 106. Max peak re- 
verse voltage ranges from 50 to 600 | 
| volts. Ambient operating temperature 
| is —55 to +125 C, storage temperature 
| is —55 to +150 C. Cases have max 
length of 0.375 in., max diam of 0.220 


least 10 Philbrick P2 ampli- 
fiers and other transistorized 
electronic equipment. Like the 
P2, its remarkable character- 
istics speak for themselves. 
Low internal impedance: less than 
2 milliohms. Low noise and 
hum: guaranteed less than 150 
microvolts rms (0.001%). Highly 
regulated outputs: against load, 
less than 300 microvolts; against 





100 microvolts drift per day. 
Cool running: typically 330 milli- 
watt dissipation. Wide band 
pass: typically 75 ke as a unity 
gain follower. High open loop 


in: typically 30,000, 
Tobie ane $210. 


line, less than 200 microvolts. 
Low long term drift: typically 
0.1%. Short transient recovery 
time: no load to full load, 
less than 1 millisecond. Unique 
short circuit overload protection: 


| Rectifiers rated 400 amp at +120 C inherent in the 6033's design 
with no extra circuitry to de- 


and 160 amp at +175 C case tempera- teriorate performance. Truly 
ture feature a peak-voltage rating of | low cost: about half that of 


supplies with comp- $285 


arable performance: 


Operates from 115 volt, 
50-400 cycles, providing up 
to 150 ma at plus AND minus 
15 volts, slaved to a common 
reference. Conveniently pack- 


in. P. R. Mallory & Co., Inc., Indianap- 
olis 6, Ind. | 
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|SILICON RECTIFIER 


Use the P2 for instrumenta- 
tion, analog computation, and 
other applications requiring 
high reliability and accuracy. 
Discover its marvelous ver- 
satility and convenience. Add, 
integrate, scale, invert with it. 
Take advantage of its differ- 
ential inputs to perform very 
high impedance voltage follow- . , 
ing (or amplification), precise aged, cool running, and highly 
current driving, and many reliable. Available as bench 


other useful applications. The ; " model or modular plug-in. 
P2’s output delivers 1 ma at Bench model _ dimensions: 


+10 volts. The cast alumi- 344” h x 544" w x 714" d. 
num housing fits right in Also available with 300 ma 


your hand. output. 
Please write for further information 600 volts. Maximum junction tempera- Complete facts are waiting for you. 
- ‘ ture, +190 C. Maximum thermal re- | Please write: r 
sistance, 0.1 C per watt between junc- | “a 
tion and base edge. Standard Rectifier | 
Corp., 620 E. Dyer Rd., Santa Ana, | 
| Calif. “ud 
GEORGE A. Circle 549 on Inquiry Card | GEORGE A. 


PHILBRICK __ non-overneatine PHILBRICK 


RESEARCHES, INC. | THERMOSTAT RESEARCHES, INC. 


127 CLARENDON ST. BOSTON 16, MASS. 127 CLARENDON ST. BOSTON 16, MASS. 
COMMONWEALTH 6-5375, TWX; BS 1032, FAX; BSN COMMONWEALTH 6-5375, TWX; BS 1032. FAX; BSN 
REPRESENTATIVES IN PRINCIPAL CITIES REPRESENTATIVES IN PRINCIPAL CITIES 
EXPORT OFFICE; 240 W. 17TH ST., N.Y. 11, N.Y. EXPORT OFFICE; 240 W. 17TH ST., N.Y. 11, N.Y. 
TEL. CHELSEA 3-5200, CABLE: TRILRUSH TEL. CHELSEA 3-5200. CABLE; TRILRUSH 
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“Dualstat” serves where overrun of 
even one cycle is intolerable. Snap ac- | 
tion with 3 deg F or better differential; | 


Circle 207 on Inquiry Card Circle 208 on Inquiry Card 
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EVERYTHING U 


GUARDIAN, SWITCHES 


@ Realistic photographic reproductions portray a wide variety 
of Guardian switches including leaf, snap-action, gam, roller, coin, 
bifurcated, push button, special switch assemblies, among others. 

These basic designs suggest 
thousands of combinations 
available as standard or 
custom-built switches to 
meet your exact needs. 


We invite you to write for your 
copy of this new Guardian 
16-page Switch Catalog 
just off the press. 


Complete dimensional drawings 
of all switch components 
are included, 


Write on your company letterhead for catalog “‘E”’ 


GUARDIAN W®W ELECTRIC 


MANUFACTURING COMPANY 
1552-H W. CARROLL AVENUE, CHICAGO 7, ILLINOIS 


Circle 209 on Inquiry Card 





| head and 


capacity, 2-amp 28 volts, 150 watts 120 
volts a-c/d-c; life, 500,000 1-min cycles. 
Dimensions, 0.372 in. diam x 134 in. 
long. Weight, 0.3 oz. Preset up to 300 
F; hermetically sealed. Valverde Lab- 
oratories, 252 Lafayette St., New York 
12. 

Circle 550 on Inquiry Card 


BATTERY 


No. 206 9-volt power source for both 
radio receivers and electronic instru- 


| ments provides many hours of service 


ds 


ELECTRONIC 
INSTRUMENTS 


Se - 


at 10-ma drain. Union Carbide Con- 
sumer Products Co., 270 Park Ave., 
New York 17. 

Circle 551 on Inquiry Card 


| 25-WATT RHEOSTAT 


Control RE-25 has resistive element 
wound on fiber-glass-insulated alumi- 
num core, set in cement and bonded to 
the porcelain base. Shaft: flattened, 14 


in. diam. Bushing, *4 in. diam x 3¢ in. 


| long. Standard resistance range, 25 to 


500 ohms +10 per cent tolerance. Tru- 
Ohm Products, 3426 W. Diversey Ave., 
Chicago 47. 

Circle 552 on Inquiry Card 


VALVE-IN-HEAD 


| TANDEM CYLINDERS 


Type BVT units consist of valve-in- 
double-acting cylinders 
mounted in line and featuring a com- 
mon head at the center and two 
separate pistons mounted on one solid 

(Continued on page 211) 
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Cables manufactured by Reynolds 
Metals Company, Richmond, 
Virginia. Covering extruded of 
Tenite Polyethylene. 


uy 3s 
Why Reynolds covers these aluminum 


conductors with TENITE POLYETHYLENE 


To obtain the highest possible performance from 
their secondary distribution and service line 
cables, Reynolds Metals Company chooses 
Tenite Polyethylene as a covering material. 
Tenite Polyethylene is manufactured under as 
rigid a system of quality control as Reynolds’ 
own aluminum conductors, and makes a tough, 
weatherproof, fast-stripping covering material 
which offers high dielectric strength and resist- 
ance to abrasion, heat, moisture, chemical attack 
and stress cracking. It remains flexible even at 
sub-zero temperatures and its light weight per- 


Both natural and black electrical grade Tenite Poly- 
ethylene are available to cable manufacturers in a 
unique spherical pellet form which flows freely in the 
extrusion process and in “air-veying” of bulk ship- 
ments from truck to bin. 


Pee 


mits easy handling and wide spans, Users report 
that it gives long service life without festooning 
or splitting. 

Tenite Polyethylene is easily extruded as 
jacketing or insulation for many diverse appli- 
cations, from coaxials to control cables, from 
TV lead-ins to telephone wires. For a material 
with outstanding electrical, physical and chem- 
ical properties, specify Tenite Polyethylene. For 
further information, write EASTMAN CHEMICAL 
Propucts, Inc., subsidiary of Eastman Kodak 
Company, Kincsport, TENNESSEE. 


TENITE 


POLYETHYLENE 


an Eastman plastic 





... a line of industry-wide favorites, built 
to make tough applications seem easy 


When it comes to building electric motor-powered equipment, 
make sure of your horsepower source. Before you specify any motor 
brand, consult with your A. O. Smith Motor Man. He’ll show you 
how the horses of A. O. Smith (a full line of integrals and fractionals 
both polyphase and single-phase) help users surmount application 
barriers. 

And A. O. Smith delivers the horses that deliver the goods — 
24-48 hour action on all parts and service orders. 


Circle 211 on Inquiry Card 


COPYRIGHT 1960, A. O. SMITH CORP. 
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Through research ...@ better way 
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ELECTRIC MOTORS 
Tipp City, Ohio 

A. 0. SMITH INTERNATIONAL S. A. | 


Milwaukee 1, Wisconsin, U. S. A. 
Renee eRH EN ETO — RON SAT NIN _| 
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CHANGED 
HORSES 


Mr. V. F. Radde, President of Skid- 
more Corporation, reports, “Our 
condensate pumps are invariably 
located near boiler rooms and fre- 
quently in an atmosphere full of 
dirt and coal dust. This A. O. Smith 
motor is the only capacitor start 
motor we've found that we can use 
in this kind of service.” 

Sure, we asked Mr. Radde for 
this testimonial . . . because we 
knew he had changed horses .. . 
switched to A. O. Smith motors be- 
cause of troubles he had experienced 
with other makes. And more im- 
portant, he was glad to do so be- 
cause the sealed-capsule motor had 
eliminated his problems. In con- 
trast to every other make, the can- 
opy housing totally encloses the 
starting capacitor, mounting switch, 
actuator and automatic overload 
protector from insects, coal dust, 
dirt and other impurities. 

Furthermore, in addition to su- 
perior mechanical features, it’s a 
motor designed specifically for cen- 
trifugal pump operation . . . higher 
performance at full and service-fac- 
tor loads means higher performance 
for your pump. It adds up! Me- 
chanically and electrically, you get 
more motor from the same sales 
dollar when you put your money on 
the horses of A. O. Smith. 


page 


GO-TOGETHERS — Dependable Skidmore 
condensation pumps powered by A. 0. 
Smith vertical close-coupled pump motors. 
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| signal of d-c or low frequency a-c into 
full-wave modulated output. 


rod. Cylinders are available in bore | 
sizes of 114, 2, 214, 3 and 4 in. up to 
80 in. long. Allenair Corp., 255 E. 


Second St., Mineola, N. Y. 
Circle 553 on Inquiry Card 


SERVOMOTORS 
Models 11S812J-15D and -85D, Size 11 


reluctance stepper motors, allow step- 
ping in increments of 15 and 7.5 deg 
at the rate of 200 to 550 steps per sec. 





May be driven by electromechanical or 
electronic logic. Feature angular travel 
with non-cumulative error, high torque 
in stop position and frequency-control- 
led speed. American Electronics, Inc., 
Instrument Div., 9503 W. Jefferson 


Blvd., Culver City, Calif. 
Circle 554 on Inquiry Card 


OPTICAL MICROVOLT 
MODULATOR 


“Autoverters” contain two light sources 
driven by internal oscillator circuit set 
at factory to operate at 50, 400, 1000 
or 1500 cps, project onto two photo- 


electric elements which convert input 


Weight, 
less than 3.3 oz. Package, 1 in. diam 
x 214 in. long. Features low noise level. 
Apollo Electronics, Inc., 301 S. Harbor 
Blvd., Fullerton, Calif. 

Circle 555 on Inquiry Card 


\ZIPPERED TUBING 
| Type SH “Zippertubing” is a pliable | 


| conduit with plastic zipper attached to | 





| vinyl-impregnated glass backing mate- | 





rial. Tubing is placed around wires and | 
|zipped closed. May be permanently 


| 


=e" Ultra- 
sensitive 
relays 


HELPFUL DATA FOR YOUR 
CIRCUITRY IDEA FILE 


The circuit drawing below indicates just one 
of the hundreds of ways many manufac- 
turers utilize Micropositioner® polarized 
relays to solve complex control problems. 


BARBER 
UE 


SERVOMECHANISMS APPLICATIONS 


Many remote positioning applications can 
be solved by utilizing the Barber-Colman 
Micropositioner ultra-sensitive relay either 
as a null detector or a differential relay. 
In the circuit shown above, movement of 
the transmitting potentiometer introduces 
an error signal in Micropositioner coil P, 
which in turn energizes the positioning 
motor until balance is restored. Secondary 
relays R; and Rez operated by the Micro- 
positioner handle larger loads. This circuit 
can also be applied to synchronization. . . 
or the Micropositioner can be utilized in the 
output of an electronic servo control. 
Among the many applications for this sim- 
plified servo control relay are positioning of 
antenna rotators and tuning condensers... 
aerial camera mounts... valves. . . test 
cell apparatus. 

If your projects involve servomechanisms, 
why not make a test with a Micropositioner 
designed for circuits similar to that shown 
above? Write for Engineering Bulletin No. 9. 


BARBER-COLMAN 
MICROPOSITIONER® 
POLARIZED D-C RELAYS 


Operate on input 
power as low as 40 
microwatts. Avail- 
able in three types 
of adjustment: null 
seeking ... magnetic 
latching ‘“‘memory” 
...and form C break- 
make transfer. Also 
transistorized types with built-in preampli- 
fier. Write for new quick reference file. 


BARBER-COLMAN COMPANY 
DEPT. S, 1803 ROCK STREET, ROCKFORD, ILLINOIS 


Circle 212 on Inquiry Card 211 
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py another 
NEW product 


#3 SMCB 
60 Ib-in. Torque; 3” Dia.; 


#2.2 SMCB Weight — 7.5 Ib. 


8 Ib-in. Torque; 24%” Dia.; 
Weight — 4 Ib, 


“Packaged” 


Clutch-Brakes 
(Type SMCB) 


3 Pre-Assembled.,. 
# Pre-Aligned... . 
3% More Economical... are 
Install Faster... _— 
MH Up To 150 Cycles 
per Minute... 


# Speeds to 
3600 RPM... 
* Request New 
Product Preview 
2-61-C For All 
The Data. BP ston tome 


6%” Dia., 
Weight — 36 Ib. 


ELECTRIC CORPORATION 


120 NORTH BROADWAY © MILWAUKEE 2, WISCONSIN 
The Complete Line of Electromagnetic Clutches — Brokes — Clutch-Brokes 
SINCE 1917-THE CHOICE OF LEADING MOTOR AND MACHINERY MANUFACTURERS 


212 Circle 213 on Inquiry Card 


sealed with ZT sealer. Zippertubing Co., 
13000 S. Broadway, Los Angeles 61. 
Circle 556 on Inquiry Card 


THERMISTOR 


Positive-temperature-coefficient unit fills 
the need for temperature compensation. 
sensing and control in many applica- 
tions. Sizes range from 0.20 to 0.82 in. 
diam x 0.060 to 0.120 in. thick, with 
resistances of 2400 to 150 ohms at 37.8 
C. Life test shows no change in resist- 
ance after 500 hr at 150 C. The Car- 
borundum Co., Refractories Div., Perth 


Amboy, N. J. 
Circle 557 on Inquiry Card 


CRIMP-TYPE MODULAR 
CONNECTOR 


“Minilok” connector, occupying only 1 
in. of space, provides a density of 100 
connections in 214 in. Snap-in “Hytip” 


contacts simplify wiring assembly and 
circuit changes. Burndy Corp., Nor- 
walk, Conn. 

Circle 558 on Inquiry Card 


MINIATURE DIGITAL 
READOUT 


Unit decodes binary inputs or pulse 
trains and displays information in digi- 
tal form. Mounts on 1 x 3.1 in. panel 
space and extends 2.5 in. beyond. Dis- 
plays 16 alpha-numeric characters of 
34 x 114 in. size at rates of up to 50 
characters per sec. Built-in memory 
keeps last character in position with no 


© f - Zim 


ELECTRO-TECHNOLOGY 





JULY 1961 


WHO SAYS 
TEFLON 
IS TOO EXPENSIVE 
IN YOUR MOTORS? 


The cost of failure is often a great deal higher than the cost of reliability. In electrical and 
electronic equipment, insulation of Du Pont TEFLON fluorocarbon resins provides the utmost 
reliability . . . longer service life... lower maintenance costs. In addition, TEFLON often makes 
possible reductions of size and weight—a must in some applications, an economic plus in 
many others. 

Case in point: the new fractional horsepower motor shown below. Requirements were for a 
synchronous motor, 1/40 H.P. at 8,000 rpm, to withstand 180° C. for a minimum of 2,000 
hours’ life. Using conventional insulation (class F), a unit 3% inches diameter weighing over 
3 Ibs. would have been required. By using cell insulation of a TEFLON resin, plus lead wire and 
magnet wire insulation of TEFLON, the manufacturer is able to meet the specifications with a 
motor 2 inches in diameter weighing less than | lb. 

The insulating properties of TEFLON resins, their resistance to temperature extremes and 
their chemical inertness assure maximum reliability under severe environmental conditions. 
Even when conditions are not extreme, TEFLON resins offer you dollars-and-cents savings in 
maintenance and replacement. Write for more information: E. I. du Pont de Nemours & Co. 
(Inc.), Dept. ET-7, Room 2526T, Nemours Building, Wilmington 98, Delaware. Jn Canada: 
Du Pont of Canada Limited, P. O. Box 660, Montreal, Quebec. 


TEFLON is Du Pont's registered trade- 
© mark for its family of fluorocarbon 
: eo ar i Ni resins, including TFE (tetrafluoroethyl- 
ene) resins and FEP (fluorinated ethyl- 
REG. U. 5. PAT OFF FLUOROCARBON RESINS ene propylene) resins. 


BETTER THINGS FOR BETTER LIVING...THROUGH CHEMISTRY 


Circle 214 on Inquiry Card 





Durakool works Better for you longer 
with Silent? Mercury 


e T-I-M-E-R RELAYS 
e CONTACTTORS 
e TILT SWITCHES 


Timer “Fixed Time” Relays 
Tamper proof timing in normally open or 
closed contacts. Choice of ¥% thru 20 seconds. 


Contactors 
30-60 & 100 amp. 1, 2 and 3 pole combina- 
tions. Normally open or closed contacts. 


Tilt Switches 

Will work in any position around their di- 
ameter. 1 amp. size are mercury to metal 
design. Over 1 amp., mercury to mercury. 
Available uninsulated or insulated in a 
choice of materials. 


Send for 
Engineering 


em Durakool 


No. D73B an R 


BFC—300 Contactor 
60 ampere 


a. ea 


Circle 215 on Inquiry Card 


) IMPEDANCE COMPARATORS 


PRECISE, RELIABLE AND RAPID COMPARISON OF COMPONENTS 
Tests resistors, condensers, 
Inductors 
Percentage deviation from 
standard read on large meter 
Rapid response — no buttons 
to push 
High accuracy and stability 
Self calibrating — requires no 
recalibration when changing 
. Tanges 


6 Volts 
60 CPS 
+3%, t5%,; +10, +20% 


MODEL 60 MODEL 1010 


2 Volts 
Either 1 KC or 10 KC 
+5%, +10%, +20% 


5 ohms to 5 megohms 
500 mmfd. to 500 mfd. 
15 millihy. to 10,000 hy. 


5 ohms to 5 megohms 
50 mmfd. to 10 mfd. 
100 microhy. to 100 hy. 


OTHER MODELS AVAILABLE 
BRIDGE VOLTS FULL SCALE RANGES” * 


2.5¥-1000 CPS Representatives 


in Principal 


+1, 2, 10, 20% 
£1, 5, to, 20% Cities 


P INDUSTRIAL TEST EQUIPMENT CO. 
> 55 EAST 1lith STREET « NEW YORK 3. N. Y. 


VISIT US AT BOOTH #2415, WESCON, 1961 


Circle 216 on Inquiry Card 


| power required. Weight, 4 oz. Operates 


at 12 or 28 volts d-c. Power require- 
ments, 0.57 watt-sec per bit. Datascope 


| Corp., 4023 Irving Place, Culver City, 


Calif. 
Circle 559 on Inquiry Card 
MINIATURE DIAL 


Series 3000 “Microdial” has 1 in. diam 
(or 1% in. with fingertip brake), pro- 


| jects ™%e in. from panel and can be 


| grouped as closely as on 114 in. centers. 


Designed for accurate angular position- 


| ing of any shaft-controlled device of 


ten turns or less. Accommodates shafts 


| of either 4% or 14 in. Borg Equipment 


Div., Amphenol-Borg Electronics Corp., 
120 S. Main St., Janesville, Wis. 
Circle 560 on Inquiry Card 


_ CLUTCHES AND BRAKES 


| SF 500 clutch (in photograph) is 
| nominally 5 in. in diam, incorporates 
| a ball-bearing mounted field and has a 


torque rating of 50 Ib-ft. 


“Electro-Drive,” fractional horse- 
power unit with torque ratings of 8, 60 


| and 240 lb-in., incorporates clutch and 
| brake with input and output shaft ex- 
| tensions. Warner Electric Brake & 


Clutch Co., Beloit, Wis. 
Circle 561 on Inquiry Card 


| MINIATURE INDUCTION 
| MOTOR 


| Totally enclosed, continuous-duty motor, 


Model BF-15-8, has operating speed of 


| 10,000 rpm, conforms to MIL-E-5400. 


Unit operates on 200 volts, 400 cps; 
starting current is 0.8 amp, full-load 


ELECTRO-TECHNOLOGY 
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The familiar Nik-O-Lok coin-operated lock for toilet enclosures (in about two-thirds actual 
size cutaway above, and complete below left), made by the Nik-O-Lok Co., Indianapolis, has 
eight parts cut from Anaconda extruded shapes. The Anaconda die-pressed forging (top, 
left) replaced a casting—doubled case guard life, cut machining and material cost 50%. 


How parts sliced from long lengths of ‘‘premachined” 
brass shapes cut costs. It starts in design. You select cross sections 


which minimize subsequent machining—and scrap. The only limitation is that grooves, 
slots, etc., must parallel the axis of the extruded bar. The smooth surface of extruded 
shapes reduces many finishing operations. And high dimensional accuracy simplifies 
assembly. In addition, you get superior, long-wearing parts that improve the quality 
of your product, because of the strong, homogeneous wrought-metal structure of 
extruded shapes. For imaginative and practical help in adapting extruded shapes to 
the economical production of intricate parts, see your Anaconda representative. Or write: Anaconda 


American Brass Company, Waterbury 20, Connecticut. In Canada: A Weavea* ~, XK 
Anaconda American Brass Ltd., New Toronto, Ontario. eas N A C O N D 
215 


JULY 1961 Circle 217 on Inquiry Card 





een 
R19) 
| PFV and We... 


PFV (repetitive peak forward 
blocking voltage) and Vno (forward 
breakover voltage) are terms which 
have been giving us heartburn of 
late. This is because some people 
are confusing the two and not tak- 
ing advantage of the extra margin 
of performance offered by G-E 
Silicon Controlled Rectifiers. 


Many manufacturers consider the 
Vno as a rating—that is, if you ex- 
ceed the Veo spec the SCR may 
turn on and may be damaged. Not 
so with us, dear friends. Vno is the 
point at which a G-E SCR may 
turn on, period. It is a characteristic 
of the SCR. The damage level of 
said unit is known as the PFV 
rating. There’s quite a margin of 
difference between the two. 


Look at it this way: 


SIGNIFICANCE OF Veo AND PFV 


SCR MaY TURN ON 


aANO 
SCR MAY BE DAMAGED 


In this bottom curve, you can be 
in real trouble if you exceed the 
PFV rating. 


As fate would have it, you only get 
this extra margin of protection 
against forward voltage surges with 
G-E SCR’s. .. at no extra cost, of 
course! 


While we’re on the subject of trouble, 
we're reminded that every semicon- 
ductor rectifier user needs protection 
against that arch-villian “transient 
voltages.”’ Our new booklet 630.3 is a 
virtual college course on the subject, 
gives 10 different causes of transient 
voltages, tells how to protect against 
them. Writé to Section 20G25 and 
ask for your tree copy. 


WD e OLS 
components news 


| Well Stacked? 


. among other things, rectifiers 
can be too, you know. For instance, 
the new 1N3289-1N3293 high cur- 
rent rectifier has been officially 
released, and this is a cell that can 
handle current up to 70 amps and 
cyclical PRV’s up to 1000 volts. 
Well, it’s also available in a beauti- 
fully proportioned (or stacked) 
4JA6011 series! And now hear this, 
if you’re interested in frosting on 
the cake . . . prices have been re- 
duced approximately 35%! 


But that ain’t the whole story... 
all G-E rectifier stacks are pre- 
tested and pre-assembled to save 
you time and money. Germanium, 
silicon, potted rectifier circuits... 
just take your pick from thousands 
of combinations. And when you 
check our new low stack prices 
against your actual cost of 
assembly when you do it yourself, 
you just might decide to call our 
local Sales Manager. 


It you're writing to us for the book- 
let on transient voltage protection 
(and you should be .. . for your own 
protection), you might also be inter- 
ested in the latest application note 
that we’ve added to our library of 
helptul hints to rectifier requirers. 
Glen Snyder, Application Engineer, 
has polished off a masterpiece titled 
“Silicon Controlled Rectifier High 
Voltage Power Supply.” Highlights 
include RFI suppression, tempera- 
ture compensation, and transformer 
design techniques for Morgan chop- 
per circuits. It’s not only good, it’s 
also free. Just ask tor booklet 610.5 
when you write to Section 20G25. 


Rectifier Components Dept., General Electric 
Company, Auburn, N.Y. In Canada: Canadian 
General Electric, 189 Dufferin St., Toronto, Ont. 
Export: International General Electric, 150 E. 
42nd Street., New York 17, New York. 


GENERAL 
ELECTRIC 


Circle 218 on Inquiry Card 


| current is 0.26 amp. Power is 0.03 hp, 
full-load torque is 3 oz-in. Unit weighs 
1 Ib. Kearfott Div., General Precision, 
| Inc., 1150 McBride Ave., Little Falls, 


hans as 


Circle 562 on Inquiry Card 


CRYSTAL FILTERS 


Bandpass units over 10 ke to 30 mc 
range are available, including a 5-mc 


filter in a 34 cu in. case (photograph). 
Collins Radio Co., 19700 San Joaquin 
Rd., Newport, Calif. 

Circle 563 on Inquiry Card 


IGNITRON EXCITER 


Model 210 “Trigatron,” a self-contained, 
solid-state unit, can vary output power 
of ignitron from zero to maximum by 
varying controller‘s output phase. Out- 


put waveshape, sinusoidal pulse 500- 
psec wide at base. Peak current, 60 
amp. Peak voltage, 150 volts. Output 
isolation, 3000 volts rms. Input: 115, 
208, 230 volts, single-phase, 250 va. 
Rack-mounted unit measures 514 x 19 
in. and weighs 20 lb. Wallson Associ- 
ates, Inc., 912-914 Westfield Ave., 
Elizabeth, N.J. 

Circle 564 on Inquiry Card 


MINIATURE D-C MOTORS 
HYLM 


permanent-magnet, sub-frac- 


| tional-hp motors, available for 6- to 115- 
| volt d-c use, are 1 in. in diam. Square 


brushes, retained by constant pressure 
ring, ensure long brush life. Explosion- 
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Circle 219 on Inquiry Card 


8036 SMALL, RUGGED 
CERAMIC 


HYDROGEN THYRATRON 
SAVES VALUABLE SPACE 


Tung-Sol leads the way with a ceramic Hydro- 
gen Thyratron that fills an important design 
need. An electrical equivalent of the popular 
Tung-Sol 5949A — only one third tube volume 
is required by this new member of the family. 

Tung-Sol ceramic Hydrogen Thyratron 8036 
has rugged environmental ratings. It is de- 
signed for flange mounting with flexible con- 
nectors to achieve a solid mounting with loss- 
free terminations. Grid connection is made to 
the flange through the grid ring clamp. 

For full technical data, consult your Tung-Sol 
representative or write: Tung-Sol Electric Inc., 
Newark 4, N.J. Twx:NK193. 


HYDROGEN THYRATRON 6587A 


6587A, a glass thyratron, is a direct pe re- 


placement for Tung-Sol 5C22. Valuable inches 
of overall height are saved by means of the ring- 
disk type of construction, which also provides 
the advantages of external (cool) anode and lower 
lead inductance. It is rated for higher voltages 
with higher currents than prototype tubes. Grid 
connection can be made t Sead the grid ring 
or through the tube base pin. An internally-con- 
nected hydrogen reservoir promotes long life. 


8036 6587A 6Cc22 
Overall height, Max 3.75" 6. 8.75 
Peak forward voltage 25. KV 18. 16. 
Peak current 500. Amps 365. 325. 


Peak Pulse Power 
(Delivered to the load) 6.25Mw 3.25 2.6 


eee re tn RR mm 


TECHNICAL ASSISTANCE IS AVAILABLE THROUGH: Atlanta, Ga.; 
Columbus, Ohio; Culver City, Calif.; Dallas, Tex.; Denver, Colo.; Detroit, 
Mich.; Irvington, N.J.; Melrose Park, lil.; Newark, N. J.; Philadeiphia, 
Pa.; Seattie, Wash. in Canada: Abbey Electronics, Toronto, Ont. 


&) TUNG-SOL 





proof housing. Meets environmental re- 
quirements of MIL-M-8609 (ASG). 
Electrical Components Div., Barber- 
Colman Co., Rockford, Til. 

Circle 565 on Inquiry Card 


AIR POWER CYLINDERS 


Cylinder for pressure of 200 psi maxi- 
mum is available in single and double 
rod end models, in 114, 134, 214, 35% 


LET MUELLER 
MAKE IT! 


Mueller Brass Co. of Port Huron is 
much more diversified than the name 
“Brass” implies . . . a lot more. In 
fact, because of its many and varied 
facilities . . . its men, methods and 
metals .. . Mueller is in the unique 
position of being able to offer true 


single source service. 


MUELLER HAS THE MEN 
enced engineers with the ability to 
work out, creatively, tough design 
problems, and improve a part or 
components for production by the 
most economical method. You get 
sound engineering plus 44 years of 
practical metalworking production 
experience when you “Let Mueller 
Make It.” 


... experi- 


and 41%-in. bore sizes with standard 
strokes to 20 in. Parker-Hannifin Co.., 
Dept. 722, 501 S. Wolf Rd., Des 
Plains, II. 

Circle 566 on Inquiry Ca:d 


HIGH-VOLTAGE CAPACITORS 


Plastic-film, light-weight units are avail- 
able in eleven voltage ranges from 2000 
to 30,000 volts d-c. For continuous use 


MUELLER HAS THE METHODS... 
when you “Let Mueller Make It”, 
you are utilizing one single source 
that is able to produce parts any one 
of these ways: as forgings, impact ex- 
trusions, sintered metal parts, screw 
machine products, formed tube or | 
as Castings. 


MUELLER HAS THE METALS... and 
the materials . . . to produce pre- 
parts in aluminum, brass, 
bronze, copper, iron, and steel in 
hundreds of different alloys to meet | 
each exact requirement. 


cision 


In addition, Mueller Brass Co. has 
complete and modern facilities for | at temperatures between —60 and 
performing all types of finishing and | o omen: Electric Mfg. Corp., 5: 
sub-assembly operations. Another | ae re. N. J. 

: ‘ : ; ircle 567 on Inquiry Cad 
plus value is nation-wide sales engi- | 
neering service. | D-C POWER SUPPLY 
| “CVQ” unit combines static-magnetic 
system which consists of matching mod- 
ified constant-voltage transformer and 


So, in the final analysis, no matter 
where you fit in the American indus- 





trial picture, whether you’re making 
missiles or mowers ...and no matter 
where you're located, it will pay you 
to LET MUELLER MAKE IT! 


conventional d-c power supply with the | 
‘he . 
addition of shunt-type transistor con- | 


MUELLER BRASS CO. —\@ *™/ 


PORT HURON S38, MICHIGAN 
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Versatile new electronic relays 
CONTROL CONDUCTIVE LIQUIDS 
without spark or shock hazards! 


a J 


Electronic Liquid Level 


CONTROLS 


Now—two new performance-proved electronic relays 
that provide accurate, reliable, floatiless means of 
controlling any conductive liquid or moist bulk mate- 
rial having a resistivity of up to 12.5 megohms! 


© Outstanding features and characteristics include: 
Positive means of adjusting sensitivity for specific 
applications. Very low electrode potential and low 
electrode current. No shock or sparking hazards. 
No product contamination due to electrolysis. Quick 
and easy conversion for direct or inverse operation. 
And, because both relays will operate several miles 
away from the level sensing electrodes, they permit 
accurate control of liquids from remote locations. 


Other reliable B/W Floatless Liquid Level Control Equipment 


Electrodes and Holders 


& 
a 


Complete technical data available upon request—write today! 
CONTROLLER 


THE PEW ESkronation. 


7 2200 E. MAPLE ROAD e BIRMINGHAM, MICHIGAN 
Manvfacturers of Liquid Level and Industrial Motor Controls 


Circle 220 on Inquiry Card 





MUELLER CAN MAKE MOST ANYTHING IN 
SINTERED METAL PRODUCTS... 


Sintered metal gears, cams, special 
purpose filters and structural mem- 
bers from iron, nickel, stainless steel, 
brass and copper alloys are produced 
by Mueller for practically every seg- 
ment of American industry. What- 
ever your product requirements are, 
the Mueller Sintered Metal Products 
Division is completely equipped to 
supply you with precision parts to 
exact specifications at substantial 
savings. In addition, the engineering 
staff, machining and finishing facili- 
ties of Mueller Brass Co. are an 
important plus value when you 


LET MUELLER maAkKE IT! 


JULY 1961 


MUELLER BRASS CO. 


Circle 221 on Inquiry Card 


PORT HURON 38, MICHIGAN 





\ ™ trol. System provides fast, accurate, 
- nylon bobbi ns short-circuit-proof regulation. Sola Elec- 
‘ tric Co., Elk Grove, Il. 
You You economize when you select a Cosmo Circle 568 on Inquiry Card 
Nylon Bobbin to meet your requirements. A 
wide variety of sizes and shapes are avail- FUSION-SEALED GLASS 


Save able from stock. CAPACITOR 
\ 


; Model CYF-20 has standard capaci- 
On tance range of 560 to 5100 pf. Meets 
— MIL-STD-202A moisture requirements 

BOBBIN... 
TOOLING... 
WINDING... 

plus OTHER C 

Costs ; and all performance requirements of 
3 rrequier MIL-C-11272B. Working voltages, 500 
Lay volts d-c between 560 and 3600 pf and 
300 volts d-c between 3600 and 5100 pf. 


Corning Glass Works, Corning, N. Y. 
Circle 569 on Inquiry Card 


Rectangular 


Cosmo Nylon Bobbins have been 

fy field-tested in transformers, 

y solenoids, relays and fractional 

horsepower motors. They can be supplied from 

stock or manufactured to your exact specifica- 

tions. End your search for new savings and SERVO ACTUATOR 

quality by investigating Cosmo Nylon Bobbins. Model 410 self-contained unit includes 

servo amplifier, servo valve and _ hy- 

NEW 24 PAGE CATALOG draulic cylinder. It can be applied to 

complete specification on all parts and materials. machinery requiring high-performance 

positioning. Can be furnished with any 





4°] isi ®@ 
3239 WEST 14 STREET » 
Circle 222 on Inquiry Card 


FOR BETTER ORGANIZATION 


—a Permanent Binder 


e * stroke length from 1 to 6 in. and 

for your Reprint Copies cylinder diameters from 114 to 2% in. 

Output thrust at full piston speed, up 

ws ° » * “ur to 5 tons. Speed up to 40 in./sec and 

of ‘Science & Engineering frequency response to 40 cps (90-deg 

ee lag) available. Control can be either 

local or remote. CompuDyne Corp., 
Hatboro, Pa. 

Circle 570 on Inquiry Card 


HIGH-RELIABILITY 
POTENTIOMETER 


Series 57EM is a wirewound, %-in., 

2.0-watt unit available in resistances up 

to 100,000 ohms. Encased in metallic 

housing, with terminals brought out 

$? 50 through rear in glass-sealed construc- 
5 ‘ See Order Form 


on page 157 





postpaid 
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Multi-Circuit 


eV Te Ra CoKSi1T> ela th c+ 1s ae 
trouble-free performance in 
timing, mixing, compounding, 
eesti Mm lae) tlacli tee 


Sound, practical design, quality components and 

precision-controlled assembly insure the long-lasting 

dependability of ZENITH Multi-Circuit Timers. 

They are specified as standard components in 

countless commercial and industrial applications, 

as well as laboratory equipment and home appliances. 
Can be supplied in practically any time cycle 

and with any number of switches. Available 

without synchronous motor for elevator 

control, limit switch, etc. 


IMMEDIATE DELIVERY IN ANY QUANTITY. .. 
Request Bulletin A-17. 


See Classified Directory under Electrical 
Equipment for Local Representative 


ZENITH ELECTRIC ry 


152 W. WALTON ST. e CHICAGO 10, ILL. 
Circle 223 on Inquiry Card 


. . . SPEAKING OF 


ea ay 


A certain ancient Bond 

Street tailor introduced a 

novel line of clothing with 

the slogan “our suits wear 

like iron.” Since his customers 

seemed to live longer, he developed a very, very loyal 
following. 

Invariably purchasers of MEK electrical enclosures become 
very, very loyal when they see the extra quality and long 
lived ruggedness built into every unit. 


ELECTRICAL ENCLOSURES FOR INDUSTRY 
JIC, NMTBA SPECIALS 


e Manufacturers of Electronic and Magnetic Controls 
Motor Control Centers 


MACHINERY ELECTRIFICATION, INC. 
56 HUDSON STREET, NORTHBORO, MASSACHUSETTS 


Circle 224 on Inquiry Card 





join wires 


BY HAND OR MACHINE... 


HERE’S A PROVEN WAY TO 


keep costs down and 
improve your product 


e Priced as low or lower than 
ordinary connectors, they go on 
fast, last for the life of your 
product. No troubles! 


e Specially formulated high-dielec- 
tric, high-strength all-plastic 
shell is virtually immune to all 
moisture and chemical action. 
They stay “new” permanently! 


e@ Smooth, precision-molded 
threads start easily, screw on 
without damage to even finest 
wire strands. Wires are locked 
on—can't fall off or shake loose! 


e Scientific knurling is easy on fingers, fits snugly into 
Ideal standard driver shanks. Less fatigue, faster 
assembly line splices! 


e@ Ample skirt protects splice, prevents shorts. 
Best insulation you can get! 


e@ Only 5 sizes handle practically all appliance, fixture 
and smaller machinery needs. Approved for 300V and 600V 
(1000V for fixtures). Less specification and 
stocking problems! 


NEW BROCHURE 
for design and production 


Gives new technical data for 
production and design men. 
yall Complete selector charts for 
all sizes of All-Plastic Con- 

dah nectors for all approved wire 
combinations. Also useful 

wel product information of Ideal 
coupon Wire-Nuts, Excel Porcelain 
for FREE Connectors and Wing-Nuts. 
Tt Facts you should have on the 
p industry’s most complete line 
EST TACT auh of wire connectors. Mail 


TRY THEM 


IDEAL INDUSTRIES, Inc. 


1008-G Park Avenue, Sycamore, Illinois 


Please send [] new brochure on All-Plastic Connectors; 
( Free Sample Assortment 


Name__ 

Company. 

Address. 

City. Zone- ‘State_ i 


Sold Through America’s Leading Distributors 
IN CANADA: IRVING SMITH, Ltd., Montreal 


Circle 225 on Inquiry Card 
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tion. Resistance linearity, 2 per cent 
approx. Derated to 0 watts at 150 C. 
Meets applicable sections of MIL-R-19, 
MIL-R-12934 and MIL-R-27208. Claro- 
stat Mfg. Co., Inc., 2 Washington St., 
Dover, N. H. 

Circle 571 on Inquiry Card 


VARIABLE-SPEED DRIVE 


Models 1P11-20 and 1P81-20 motors are 
5-hp drive systems for 440-volt, 60-cps 
operation. Speed range is variable from 





} 
eT 


| \; 


60 to 2400 rpm. Speed regulation is 2 
per cent from no load to full load. 
Units may be unidirectional or bi-direc- 
tional. Other units offer output rating 
from 0.01 to 10 hp. Electro-Devices. 
Inc., P.O. Box 2308, Paterson, N. J. 
Circle 572 on Inquiry Card 


a silicone resin sleeving (Pax Gq | SRECISION RESISTANCE 


e . at i | i | “Karma” wire, for precision resistors 
so flexible you can get it @) ||..@:} : 


and potentiometers, is available in Sizes 
0.00275 in. and finer. Basic composi- 


Faille daa 


in spools or coils! \ \ \ ; 7 tion: 76Ni +- a s: Fe + Al. Speci- 


@ FLEXIBLE — may be manipulated at all tempera- —— 


tures, —70° to +500° F. without cracking or 


ne, 
checking. Dielectric strength remains even when Vy ARGL AS \ 
sleeving is knotted. j 


@ HIGH DIELECTRIC STRENGTH — up to 7000 SILICONE RESIN 


Volts, depending on grade. Certified to meet 500” 
government specification MIL-I-3190, latest re- 


a SLEEVING 


@ RADIATION RESISTANT -— retains nonconduc- 
tive properties under greater-than-average ran- 
dom irttensities. 


@ WIDE RANGE OF SIZES —.010” LD. to 3” Extremely useful where minia- 


ID. Larger sizes possible. turization increases heat and fic resistance: 800 ohms/ circular mil-ft. 
@COLOR CODED —available in 12 brilliant, dielectric load on smaller wires, Coefficient of expansion: 13.3 10° 


non-fading colors. Varglas Silicone Resin “500” is from 20 to 200 C. Specific gravity: 8.10. 
only one of many sleevings . : 

@ CHOICE OF LENGTHS —for the first time, made by Varflex for this type Mean temperature coefficient of resist- 
continuous lengths up to 5000 feet available, thus of service. If you have a special | ance: 0 +5 ppm. Temperature range: 
eliminating waste. 36 inch lengths where pre- insulating problem, call on our —65 to +150 C. Driver-Harris Co., 


engineers for modifications of Harrison 3, N. J. 
ferred. existing products, or for de- ; J 


@ DEPENDABLE, FAST DELIVERY — Immediate  velopmentol work to meet a 
delivery on standard items from stock ... 48 stringent new requirements. TWO-WAY MAGNETIC 


pneaS Sor owe peeneete, @ Send for free test samples. SHIFT ELEMENTS 


Model CTR 2W-100-P-12 is a circuit 
element consisting of a single magnetic 
core, diodes, transistors and associated 
SALES CO., INC. passive components encapsulated in 


“Never Satisfied Until You Are” | scaled epoxy structure, % x "is x %s 
in. Provides output only in response to 


Manvtacturers of Electrical Insulating Tubing and Sleeving e 309N. Jay St., Rome, N.Y. shift pulse input at rates from 0 to 100 
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HAGEN 


TE a 
Te 


FOR INTERRUPTING 
ELECTRIC CIRCUITS 
AT A PRE-ARRANGED 
TIME SETTING 


%& Split Cams for variable 
percentage setting 


* a from 1 sec. MODEL 71 
in, 


%& Contact Rating 15 Amps. 
at 115 V. AC. 7.5 Amps. 
at 440 V, AC, 


Ideal for grease injection, 
motor control, humidifiers, sig- 
nal lights, pulsing circuits, 
vending machine and appli- ENCLOSED 


ance control. One and two 
circuit models available. 


Write for Bulletin 1310 for complete specifications and types 
available. Address Dept. ET-761. 


HAGEN MANUFACTURING DIVISION /8ARAS0O, 


Of The Gamewell Company WISCONSIN 


AN E. W. BLISS COMPANY SUBSIDIARY 
Circle 227 on Inquiry Card 


Are you using the 
PRODUCT INDEX 


for this issue? 


See page 234. This monthly reference fea- 
ture answers a continuing need, expressed by 
many readers, for a quick method of extracting 
information relating to any material, com- 
ponent or equipment discussed in either the 
editorial or advertising pages. Get acquainted 
with this reference tool. It can save time in 
your data researching. 





Here's sure protection 
against flashback 


-on switches, circuit-breakers, controls, etc. 


Sauereisen Insa-Lute Adhesive Cement No. 1 pro- 
vides a ceramic-like coating that insulates electric- 
ity and withstands thermal shock. Easily applied 
by brushing or spraying. Hundreds of other uses 


SPECIAL TRIAL ORDER $4.40 


for making tests under your own conditions Gallon Can 
Ask for Data Sheets 


Sauereisen Coments Co., Pittsburgh 15, Pa. 
SAUEREISEN '*83::" No.1 
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A FULL LINE OF ESSEX “STANDARD” 
APPLIANCE WIRE and CABLE 


engineered to your 
“special” applications 
SS aad: 


(A) THERMOPLASTIC Plastics used for this 
group cover 80°C, 90°C and 105°C tem- 
perature ratings. U.L. approval on all items. 
C.S.A. on 90°C and 105°C except on sizes 
No. 1 AWG and larger. 


(B) RUBBER AND BRAID Essex P-300® 
is a 75°C rubber insulated, cotton braided, 
lacquered wire, both U.L. and C.S.A. approved, 
most commonly used with the usual baking 
cycles for motors, coils, transformers. 


(C) NEOPRENE Essex N-900 is a 90°C neo- 
prene insulated lead wire available with color 
coated sirface for easier identification. U.L, 
approved. 


(D) SILICONE Essex Sil-X® has a silicone 
rubber insulation, a glass braid, and lacquer 
finish. U.L. approved for both 150°C and 
200°C ratings, dependent on application and 
conductor stranding. Available with C.S.A. 
approval on special order. 


$ REFRIGERATION AIR CONDITION- 
ING APPLIANCE WIRING MATERIAL 


| (A) THERMOPLASTIC Oil and flame resist- 
ant; has high dielectric and mechanical strength; 
strips easily; colors are bright and permanent. 
Produced in several temperature ratings. U.L. 
and C.S.A. approved and is available with 
moisture resistant approval. 


(B) NEOPRENE Provides high resistance to 
oil, grease and alkalies. Particularly suitable 
for industrial uses. 


(C) RUBBER The 60°C and 75°C rubber 
insulation applied over tinned copper conduc- 
tor is excellent and economical for internal 
wiring where no extra protection against oil 
and higher temperature is necessary. U.L. and 
C.S.A. approved. 


S$% —s FLEXIBLE CORDS 


(A) RUBBER Types S, SJ and SV portable 
and supply cords. Smooth flexible, tough and 
abrasive resistant, will provide years of trouble 
free operation. 


(B) NEOPRENE Neoprene cords are iden- 
tified by U.L. as types SO and SJO. Provide 
high resistance to oil, grease and alkalies. It is 
particularly suitable for industrial uses. 


(C) THERMOPLASTIC ST, SJT and SVT 
thermoplastic insulated and iacketed cords are 
not affected by oils and greases and are highly 
resistant to alcohols, acids and most chemical 
solvents, 


$% POWER SUPPLY CORDS 


A parallel 60°C, U.L. and C.S.A. approved 
polyvinyl insulated power supply cord that can 
be produced in numerous attractive colors to 
blend with todays’ appliance color schemes. 
The center or ground conductor is a separately 
insulated wire with 44" insulation thickness. 
U.L. and C.S.A. approved. 


S$% HERMETIC LEAD WIRE 


Now available with Dacron-Mylar-Dacron in- 
sulation for higher dielectric strength, smaller 
diameter with less bulk, easier stripping. 


covering complete appliance wire and cable line. 


) your requirement by UL style no. reference. 


Wire Corporation 
INDUSTRIAL-APPLIANCE WIRE PRODUCTS 
Sycamore, lllinois 
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DAY AFTER DAY AFTER DAY 


ke. Principal application is the con- 
struction of arrays having two different 
information paths. Photograph: ele- 
ment is in foregroucd; board in back- 
ground has four elements mounted. 
Di/An Controls, Inc., 40 Leon St., 
Boston 15. 





Circle 574 on Inquiry Card 
INDUCTION MOTORS 


Four-hundred-cps motors for use in air- 
eg | craft, ground-support equipment, etc., 


are available in ratings up through 
ARE EATING IT UP... 


NEMA 215 frame size. Photograph: 
typical 12.5-hp motor with full-load 
speed of 7300 rpm, less than 25-Ib 


WON'T YoU TRY A BITE SOON ? weight and 614-in. frame diam. Doerr 
Electric Corp., 507 No. Fourth St., 


Cedarburg, Wis. 
Circle 575 on Inquiry Card 


HIGH-CAPACITY BRAKE 


G ¢ thi h ; Series 46,000 flange-mounted brakes 
reat things are happening at operate on a-c current and are avail- 


NORPLEX. More and more customers | able with torque ratings of 500, 750 and 
for industrial laminates have found that | 

NORPLEX quality, versatility and quick- 

service serves them best. NORPLEX has 

over 60 standard grades available plus 

special grades including copper clad 

plus research and development facili- 

ties. You'll get the grade you require 

. . . the top quality you need . . . and 

service faster than you expect... when 

you join other NORPLEX customers! 1000 lb-ft. High thermal capacity. Com- 
Write for complete brochure. NORTHERN pletely enclosed in housing. Manual re- 
PLASTICS CORPORATION, LA CROSSE 17, WIS. lease, automatic reset. Standard motor 


shaft lengths or through shafts can be 
accommodated. Stearns Electric Corp., 
120 No. Broadway, Milwaukee 2. 

Circle 576 on Inquiry Card 


SPLICE CAP 


ee . . . 
ENEMAS The 2008S fluted cap eliminates the 
wS need for twisting wires in splicing. Put 
(Continued on page 227) 


Circle 230 on Inquiry Card ELECTRO-TECHNOLOGY 





1/250 to 1/8 HP. Open, Fan-Cooled, Enclosed 


Shaded Pole Motors 


Also Gearmotors and Shaded Pole Blowers 


Proven Dependability at Lowest Cost 
Fast Delivery from Nearby Stocks 


When you need Shaded Pole Motors for any purpose— 
use Grainger’s Supply Service. We stock newest design, 
precision-built Dayton Motors, 1/250 to 1/8 HP in open, 
fan-cooled, totally enclosed types—stud or rubber 
mounted. Single-speed, two-speed, reversible. 2-pole, 4- 
pole, 6-pole. Also Shaded Pole Gear Motors and Blowers. 
O.E.M.’s write for Bulletins 207, 304 and 705. 


Write for Wholesale Catalog and O.E.M. Deal 
69 WAREHOUSES COAST-TO-COAST 


W.W.CJRAINGER,INC. 


DEPT. 2518, 118 S. OAKLEY BLVD., CHICAGO 12 


Circle 231 on Inquiry Card 


Gis For Contact Capsule 


Nom. |Amp/ 
-V [Ohms | Watts 


oe 


Coto-Cails Write for Bulletin and a4 


COTO-COIL CO., INC., 63 Pavilion Avenue, Providence 5, R. }. 
Circle 232 on Inquiry Card 


DYKEM 
idee 


A 
= Stops BV = Popular package is 


: 8-oz. can fitted with 
= making Dies and | y Bakelite cap holding 
Saray soft-hair brush for = 

a | j plying right at bench; 

. metal surface ready for 

88 layout in a few minutes. 

The dark blue background 

makes the scribed lines 

show up in sharp relief, 

prevents metal glare. In- 

creases efficiency and 

accuracy. 


Write for sample 
po pend letterhead 


THE DYKEM COMPANY 
2303F North 11th St. « St. Lovis 6, M 


HUUAQUUSUUNNEUUAEOENEOUOUUOOUNOOOUAGOUAEOUALEUUAUL 
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Electrix 


TERMINALS 


Greater 
Holding Power! 


‘ 


told w 
More Uniform 


Automatic Assembly! 


Careful engineering and strict quality controls give 
ELECTRIX Terminals greater holding power in use. 


ELECTRIX Terminals meet and surpass rigid elec- 
trical and physical characteristic tests. Tolerances, 
especially at critical crimping points, are precisely 
uniform. Supplied in continuous strip form for use 
in dependable Electrix Automatic Attaching 
Machines, Electrix Terminals offer easier, more 
economical assembly. 


Electrix competitive prices 
save you money. 


Extremely wide range of types, sizes and finishes. 
Write for free catalog. 


Cloctrix 
Corporation 


ASHTON 


RHODE ISLAND 


Circle 234 on Inquiry Card 





Need help in 
designing that 
transistor circuit? 


@ A word to the wise. Prepare yourself! Get 
the technical help you need from an electronic 
engineer who has specialized in semiconductor 
application. 


' Il This know-how is wrapped up in a series of 

ep eC rica porce alin tutorial articles which have appeared in_ this 

4 f very magazine. It’s the popular one, on —— 

i i nd Specifications conductor Electronics”—presente uring the 
Built yo ote a eae period, October 1960—March 1961. 


Maybe you missed some of the earlier chap- 
ters? Maybe you just skimmed the surface in 
the interest of “speed reading?” No matter. The 
2725 CORY AVE., AKRON 14, OHIO entire 6-article series has now been reprinted 
in handy booklet form for home study use or 
Circle 235 on Inquiry Card continual on-the-job reference. 


A BCS HSE ° * When you've assimilated the contents you'll 
eo | : have an invaluable knowledge of the basic 
: ae ee principles that underlie the behavior of transis- 
tors and diodes. (Even the electronic “pro” 
gets better results when he has the right per- 
spective on fundamentals.) Moreover, you'll 
understand why semiconductors work as they 
do. You'll be able to apply them in your circuitry 
with the sure knowledge they will perform in 
their specific tasks. 


All this is presented in a clear-cut, step-by- 
step discussion, in the language of one engineer 
talking with another. The author is A. A. 
Sorensen, associated with Space Technology 
Laboratories, Inc., Los Angeles, Calif. Mr. 
Sorensen, in addition to being a practical en- 
gineer, is also an active teacher at University 
level. He knows how to get his technical facts 
across to the engineer “student.” 


— 





AUTOMATION and QUALITY CONTROL The reprint booklet comprises 44 pages, 
insures the best in plus oe ‘os yo cover an oes stand 

up under the hard usage you e giving it. 

DANO COIL ENCAPSULATION agri wb sc anne foreword and 

Also send us your specifications for quotation on: ee eee ae 


BOBBIN COILS © PAPER INTERLEAVE COILS The price? Just $2.00 (postpaid). For your 


COTTON INTERWEAVE COILS © FORM WOUND COILS convenience in ordering we suggest using the 
COILS FOR HIGH TEMPERATURE APPLICATIONS Reprint Order Form on page 157. 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC COMPANY 


93 Main Street « Winsted, Conn. 
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on with special tool and protected with 
nylon insulators. Pressure-type wire 
connectors are for two No. 18 through 
four No. 12 wires. Buchanan Electrical 
Products Corp., Hillside, N. J. 

Circle 577 on Inquiry Card 


BOBBIN CORES 


Series 300 cores for computer applica- 
tions utilize 4%-in. molybdenum Perm- 
alloy tape wound on Type 304 stainless 


steel bobbins and enclosed in Armag 
outer jackets. Flux values in the +20 
per cent EIA preferred-number series. 
Standard flux tolerance: +10 per cent. 
Dynacor, Inc., 10431 Metropolitan Ave.., 
Kensington, Md. 


Circle 578 on Inquiry Card 
SPEED REDUCER 


Torque-Arm 17 is a Size-17 single-re- 
duction unit with 5:1 gear ratio that 
can accommodate 60-hp motors in top 


range of output speeds based on Class 
I AGMA ratings. Dodge Mfg. Corp., 
Mishawaka, Ind. 

Circle 579 on Inquiry Card 


See Laboratory and Engineering 
Equipment on page 228 








THESE SNAP-IN CONTACTS 


Low contact resistance makes 
CEC’s line of 500C miniature 
electrical connectors ideal for dry 
circuit applications. These rect- 
angular connectors are designed 
to exceed the requirements of 
MIL-C-8384A. 


The series is available in a range 
of 14 to 104 contacts with mount- 
ing hardware for flush or surface 
installation, straight or right- 
angle cable entrance and guide- 
pin or jackscrew mating. The size 
20 contacts of the line accommo- 
date AWG wire sizes 20 thru 26. 


Write for Bulletin CEC 4004-X5. 


Data Recorders Division f oi 


CONSOLIDATED ELECTRODYNAMICS / pasadena, california 
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Laboratory and 
Engineering Equipment 


MAGNETIC FILM- 
THICKNESS GAGES 


“Mikrotest” gages will measure thick- 
ness of any non-magnetic coating on a 
magnetic base. Available in 0- to 20- 


mil range for lacquers, enamels, etc., 
and 0- to 2-mil range for platings, gal- 
vanizing, etc. Maximum error, 10 per 
cent. Nordson Corp., Amherst, Ohio. 


Circle 580 on Inquiry Card 
DECADE CAPACITORS 


“Styracon” units with direct in-line 
readout are accurate to +0.5 per cent 
of each step. Ranges available, 0.0001 
to 0.1099 pf and 0.001 to 1.099 pe. 


Models available, standard bench Type 
283 W and panel-mounting 284 W, in 
calibrations for both two- and three- 
terminal measurements. High Q and 
capacitance; dissipation factor rela- 
tively independent of frequency. 
Sprague Electric Co., No. Adams, Mass. 


Circle 581 on Inquiry Card 
CALIBRATION TESTER 


Direct-reading, adjustable voltage 
source BH153 simulates d-c output of 
transducers with setting accuracy of 


0.05 per cent. Used for testing of re- 
cording or indicating instruments in 
mw or pvolt range. Unit is matched to 
curve of d-c transducer, simulates out- 
puts of thermocouples, differential 
pressure transducers or strain gages. 
Power input, 115 volts, 60 or 400 cps. 
Instrument weighs 8 oz. Howell Instru- 
ments, Inc., 3479 W. Vickery Blvd., 
Fort Worth 7, Texas. 
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SEMICONDUCTOR 
HEAT SINK 


Unit designed for breadboard use will 
hold most types of power transistors 


and rectifiers. Semiconductor is secured 
by clamping device to silver-plated 
copper plate. Tubing which can be 
used for water cooling is built into heat 
sink. Owen Laboratories, Inc., 55 
Beacon PI., Pasadena, Calif. 
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MICROWAVE 
FREQUENCY METER 


Series AFM is a fully-automatic unit 
that can be used in conjunction with 
standard instruments for continuously 


monitoring microwave frequencies. Dual 
meter movement permits direct fre- 
quency reading at the intersection of 
two pointers, one of whose positions 
is a function of frequency and power 
level and the other of power level alone. 


Meter sensitivity, —150 to +150 pamp. 
Range, 3.0 to 50.0 kmc. Somerset Radia- 
tion Laboratory, Inc., 192 Central Ave., 
Stirling, N.J. 
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MINIATURE 
ALLIGATOR CLIPS 


Series of clips provides access to com- 
ponent leads and terminals where 
packaging density is high. Clips are 


sf 


1°42 in. long, have jaw spread of 442 
in. Vinyl insulation keeps jaws covered 
whether open or closed. Clips are 
cadmium-plated steel or solid copper. 
Mueller Electric Co., 1550 E. 31 St., 
Cleveland 14, Ohio. 


Circle 585 on Inquiry Card 
D-C POWER SUPPLY 


Solid-state regulated supply, Model 
PS-120, has output of 0 to 10 volts 
d-c, at 0 to 1 amp. Input is 115 volts, 


60 cps. Regulation is 0.002 per cent 
for 10 per cent change in line voltage; 
ripple is 1 mv rms at 1 amp. Line 
transients are suppressed in less than 
10 psec. Dynex Industries, Inc., 170 
Eileen Way, Syosset, L.I., N.Y. 
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LOW-DISTORTION 
OSCILLATOR 

Model 446 oscillator features 0.01 per 
cent amplitude stability and 1 per cent 
distortion, for meter-calibration and 
distortion measurements. Produces sine 
wave continuously adjustable in fre- 
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WESTON SENSITROL FOR 
MORE RELIABLE CONTROL 


Model 1092—the most versatile, a//-purpose 
relay...especially useful in prototype circuitry. 


A truly all-purpose relay, the Weston Model 1092 Sensitrol® 

is serving diverse applications from commercial display to 
production line control. This meter-type relay with magnetic 
contacts is also used for continuous pulsing control and in circuits 
for holding variables such as temperature, voltage and 

light levels within critically narrow limits. 


Simplicity of operation is an important factor in the growing 
popularity of Model 1092. A single adjustment screw controls a 
wide range of accurately repeatable DC values . . . from 

0-50 microamperes, or comparable span of 0-100 millivolts. 
This instrument can be mounted on magnetic or non-magnetic 
panels, thanks to special Weston Cormag® self-shielded movement. 
It can handle up to 100 milliamperes at 120 volts AC or DC 
without chatter. 


Many economies are possible with low-cost Model 1092 — 
another factor contributing to its wide application. Because it can 
be adjusted for an almost infinite number of settings, it 
eliminates the need for stocking a variety of relays in production 
work. 


AC VOLTAGE Call your Weston representative for full information about 
— “Sensitrol” Relays, or write: Daystrom, Incorporated, 
Weston Instruments Division, Newark 12, New Jersey. 
International Sales Division: 100 Empire St., Newark 12, N. J. 
In Canada: 840 Caledonia Rd., Toronto 19, Ontario. 


/DA STROM , incorrorateD 
= WESTON INSTRUMENTS DIVISION 


“Reliability by.“Design 
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looking for 
these silicon 
transistor types? 


AVENEL eM 
quantity from 


‘Tra ngitron 
PNP 


@2N1131 
@2N1132 


(multi-purpose medium power) 
Write for Bulletin TE-1354-1131 


NPN 


@®2N696 
@2N697 


(multi-purpose medium power) 
Write for Bulletin TE-1354-696 


@e2N698 
e2N699 


(high voltage medium power) 
Write for Bulletin TE-1354-698 


@2N1252 
@2N1253 


(low storage time, medium power) 
Write for Bulletin TE-1354-1252 


@®2N706 


(high speed logic transistor, small signal) 
Write for Bulletin TE-1353-706 


NE el eR 
NOW! Order these popular 


types of silicon transistors from 
Transitron, pioneering developer of 
silicon transistors and producer of 
the industry’s broadest line of high- 
quality semiconductors! 


« Higher Frequency Requirements 
« More Mechanical Ruggedness 
e Higher Reliability 


« Produced by Gaseous Diffusion 
Techniques 


For full data . . . including the latest 
refinements achieved by Transi- 
tron’s advanced production tech- 
niques... write for Bulletins above. 


‘Trangitron 


electronic corporation 


wakefield, meirose, boston, mass. 
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quency from 1 cps to 100 ke. Calibra- 
tion accuracy, 1 per cent from 1 cps 
to 10 ke. Rack-mounting model meas- 
ures 19 x 834 in. high x 12 in. deep. 
Krohn-Hite Corp., 580 Massachusetts 
Ave., Cambridge 39, Mass. 
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TEMPERATURE-HUMIDITY 
CHAMBER 


Chamber has temperature range of 0 
to 200 F with control tolerance of +2 
F and humidity range of 20 to 95 per 
cent RH. Blower provides air circula- 


tion throughout chamber to eliminate 
temperature gradients. Hermetically 
sealed, air-cooled compressor uses F-12 
refrigerant. Chamber features interior 
ceiling light and gravity feed drain. 
Interior measures 19 in. wide x 19 in. 
high x 15 in. deep. Hudson Bay Co., 


3070 W. Grand Ave., Chicago 22. 
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PRECISION VOLTAGE SOURCE 


Model VS-111, four-decade direct-read- 
ing solid-state unit has range of 
—111.11 to +111.11 volts d-c, se- 


lectable in 10-mv increments. Absolute 
accuracy, 0.025 per cent. Resolution, 
one part in 1000 plus vernier. Elec- 
tronic Development Corp., 423 W. 
Broadway, Boston 27. 
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PRIMARY RESISTANCE 
STANDARD 


Model MRS-105 contains resistance 
standards of 100, 1000, 10,00, 100,000 
and 1 million ohms. Absolute accuracy 
is 0.0015 per cent at values above 100 


Tube Circuits 


—hut how about 
Transistors? 


@ There’s a big difference! 
Getting results with transistor circuits 
calls for a fundamental knowledge of the 


| theory of operation of semiconductor 
| diodes and transistors and of proper ap- 
| plication procedures. 


It’s a broad subject that has required— 
even for the most concise presentation 
—six feature-length articles in ELEcTRO- 


| TECHNOLOGY by engineer-author-teacher 





A. A. Sorensen of Space Technology Lab- 
oratories, Inc. 

The series, “Semiconductor Electron- 
ics,” has been brought together into 
a compact, flexible-cover reprint vol- 


| ume for home study use and continual on- 
| the-job reference. 


Here’s a quick run-down of the sub- 
ject areas covered: 


1. SOLID-STATE PHYSICS. This open- 


| ing chapter deals with the theory and 


application of junction diodes and tran- 
sistors. Includes a discussion of atomic 
theory and the crystal structure of ma- 
terials. 

2. JUNCTION DIODES. Here the 


author covers the application of the 
principles of solid-state physics to the 


——- and application of diodes. The 
cha 


racteristic equation is developed and 
its practical use in design demonstrated. 


| A special section deals with Zener diodes. 
| 3. JUNCTION TRANSISTORS. 


This 
chapter develops the various character- 
istics and parameters of transistors from 
basic energy-level diagrams. Equivalent 
circuits are defined and their use in the 


| analysis of the transistor as a circuit ele- 
| ment is described. 


| 4. TRANSISTOR NETWORK ANAL- 


YSIS. General four-terminal networks are 


| analyzed in terms of the various possible 


parameters. The same techniques are 
then aopeed to transistor circuits. Prop- 
erties of common-base, common-emitter, 
and common-collector connected transis- 
tors are fully developed. 


| 5. TRANSISTOR AMPLIFIER DESIGN. 
| Here the author provides practical ap- 


plication details with complete informa- 
tion on the actual design of various am- 


plifier types. 


| 6. NON-LINEAR AND SWITCHING 


OPERATION. In this concluding chapter 
the author explores the use of transistors 
as switching devices. Switching is con- 
sidered both as a static and a dynamic 
operation. 


The 44-page reprint booklet includes the 
full published text of each article, to- 


| gether with an explanatory foreword and 
| reference index. The price is $2.00 (post- 


paid) for single-copy orders. See the 


| Section, “Science & Engineering Re- 


prints,” on page 157, for quantity rates 


| and handy Order Form. 
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SPECIALISTS 


aT 


No. 7373 Business 
, machine idler bearing 
Approx. full size. 


No. 6889-2 Business 
machine guide roller. 
>. Approx. full size. 


NICE “specials” provide the Product Designer with excep- 
tional opportunities for cost reduction and product im- 
provement. The properly designed “special” not only 
performs its basic bearing function, but may incorporate 
features that simplify mounting or installation, or combine 
several components into a single interchangeable “package” 
unit. NICE engineers are well qualified to design bearings 
that will fulfill particular application requirements .. . 
economically and efficiently. 


Can NICE 


help you? 
ae 


NICE BALL BEARING CO. 


NICETOWN« PHILADELPHIA «PENNSYLVANIA 


GLASS—Hard, Dense, 
ww Slotted, Ground Threads, 
8-32 x 5/16, 1/2 & 7/8 


Circle 240 on Inquiry Card 
Smooth, Concentric, 
Hemispherical 
IN STOCK— Sizes 4, 6, 8 N.F. & N.C. 
4-48 x 7/32, 5/16, 3/8, 7/16 & 1/2 
HARTWOOD GLASS & METALS COMPANY 
P.O. Box 865 Martinsburg, West Virginia 


“GLASS | TIPPED’ SET SCREWS 
SCREW—Stainless Steel, 
6-40 x 9/32, 3/8 & 1/2 
Specializing in Glass Coated Metals for Electrical Insulation 
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pone DOUBLE CUPPED WASHER LUGS 


With or Without 
Insulation a 
Small or Lar 

Screw Hole. or 
Standard, Extra 
Flexible Strand- 
ingand Solid Wire 


Write for Bulletin 8-DF = (AAA naa mere 


Ra LUND E Same Ce 
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” EVEN TOUGH TEFLON* 


WITHOUT 
A NICK! 


~ CUSTOM 
» 


“STRIPMASTER” 


Patented, No. 2,523,936 


Quickly, Safely Removes 
“Problem” Insulation from Wire 


Now strip the toughest insulation 
from any wire with just a gentle, 
harmless squeeze. With Ideal Custom 
Stripmaster, matched sets of 
counterbored blades—precision 
drilled on watchmaker’s equipment to 
fit wire sizes exactly are designed to 
ride on cut insulation, and eliminate 
wire nicking and scraping. Firm 

grip of jaws prevents insulation 
damage. Wire is stripped absolutely 
clean up to a full %”. 


Optional transparent wire stop quickly 
adjusts so that you strip off the 
exact amount of insulation you want 
every time. Perfect for fast, accurate 
production line stripping. 


Custom Stripmasters come in three 
models for 10 to 14, 16 to 26, or 
26 to 30 wire gauges. 


SOLD THROUGH *Reg. Trade Mark of DUPONT 


AMERICA’S LEADING : 
DISTRIBUTORS The Custom Stripmaster is 
just one of a nese Ene 
. of Ideal strippers including 
In Canada: Thermo-Strip and high-speed 
Irving Smith, Ltd., electrically ponsved models 
for every insulation-remova 
saaoae need. WRITE FOR NEW WIRE 
STRIPPER BROCHURE. 


oe ee 


IDEAL INDUSTRIES, Inc. 
1008-G Park Ave., Sycamore, Ill. 
Please send me a copy of your new 
WIRE STRIPPER BROCHURE 


Name. 





Ce. 


oe hepa 





EC State 


Risicns- ent cies tes eesti enemies une ianewel 
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OUTPUT 


SWITCHING 


AND 


CONTROL 


In modern digital computers 


PERFORMANCE IS THE PAY-OFF 


A big, modern digital computer may cost as much as $10-million to buy outright. 
Even rental may run as high as $50,000 a month. 

With money like that involved, computer-makers can’t take a chance on sub- 
standard components. They want, and get, the best components .... the best re- 
sistors. Where wire-wound power resistors are required, they frequently specify 
Ward Leonard VITROHMS. 

There’s another reason, too, why computer manufacturers want only the best: 
They’re shooting for 99.99 ...% statistical reliability of components, and the more 
“9’s” the better. Computer components — say, resistors — are numbered in the 
tens of thousands, and they have to have this kind of performance to get 99.8% 
reliability in their final product. For this reason, computer makers insist on, and 
get, performance—as continuous and reliable as the state of the art permits. And 
again, where wire-wounds are required, they are likely to specify Ward Leonard 
VITROHMS. 

If you want maximum quality and maximum reliability in your product, fol- 
low the lead of outstanding digital computer manufacturers—like IBM, Remington 
Rand, and Burroughs—and specify W/L VITROHMS. You'll find full information 
in catalog D130. Write for your copy, and the name of your nearest VITROHM 
distributor, today. Ward Leonard Electric Co., 34 South Street, Mount Vernon, 
New York. (In Canada: Ward Leonard of Canada, Ltd., Toronto.) °.6 


RESULT-ENGINEERED CONTROLS SINCE 1892 


WARD LEONARD 
ELECTRIC CO. 


“2. RESISTORS e RHEOSTATS « RELAYS ¢ CONTROLS « DIMMERS 
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B28 6 § 4 A Rk A 


ohms. Stability is better than 0.0015 per 
cent throughout. Dimensions: 9% in. 
long x “42 in. wide x 3 in. high. Julie 
Research Laboratories, Inc., 603 W. 
130 St., New York 27. 
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FUNCTION GENERATOR 


Low-frequency generator, Model 5846, 
provides sine and triangular waveforms, 
reproduces arbitrary waveforms to in- 


dividual specifications. Frequency range 
is 0.001 to 10 cps, accuracy +3 per 
cent. Output voltage is 20 volts max. 
Power requirement is 115 volts, 60 cps, 
50 watts. Tensor Electric Development 
Co., Inc., 1873 Eastern Pkwy., Brook- 
lyn 33. 

Circle 591 on Inquiry Card 


PROGRAMMED PULSE 
GENERATOR 


Solid-state Model 6200 generator fea- 
tures internal pulse-repetition rate from 
3 to 25 mc, provides for external drive 
for repetition rates below 3 mc. Rise 


and fall time is less than 6 nanosec; 0 
to 5 volt amplitude, continuously vari- 
able. Output impedance is 93 ohms. 
Texas Instruments, Inc., P.O. Box 6027, 
Houston 6, Texas. 
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See Product Index for this issue 
on page 234 
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© KOOUUMDKA AMUN KHNN® 


CRUCIBLE’S HANDBOOK CAN HELP AVOID MiS- 
TAKES IN PERMANENT MAGNET DESIGN. Now 
design errors can be eliminated from permanent magnet 
gap dimensions, sizes, alloys, etc. Refer to this 346-page 
Crucible Permanent Magnet Handbook. It’s the most 
complete reference of its kind! It gives all the data you 
need to design permanent magnets into generators, 
meters, compasses, hi-fi and TV systems, etc. It also 
discusses ferromagnetism, electromagnetic theory, and 
over 60 different magnet materials, For your copy of 
this Permanent Magnet Handbook, send check or money 
order for $10* to Crucible Steel Company of America, 
Four Gateway Center, P.O. Box 88, Pittsburgh 30, Pa. 


*Add 40¢ for state sales tax if you are located in Pennsylvania. 


STEEL COMPANY OF AMERICA with Decco, 0-way 
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shock-mounted 
a 
aheiiamia <2 23: ol industrial solenoids! 


redesigned with 4 
TCU mea 


ay CURTIS Makes faster, 


P more secure 
MMe el Msi Cla <3 


Highly resistant to moisture, quality- 
built from the best materials available— 
DECCO INDUSTRIAL SOLENOIDS, in com- 
pact AC and DC models, contain built-in, 
two-way, shock absorbing bumpers which 
prevent self-destruction, the greatest cause 
of solenoid failure. 


750 V., 50 Amp. Unspent stroke force is absorbed by these 

} #0 20Terminals |. Tedious, eonart es sen : a cushioning bumpers, adding millions of 

ae ond wah Ce strokes to the life of the solenoid. 

#10 Screws, - You won't lose the screws! A spring clip holds DECCO offers a complete line of rugged, 

35 Amp. them captive! top-quality solenoids, from cool-running, 
. Add, subtract or replace sections! Ingenious, multi-million cycle oil-immersed models 


Curtis economical design, screw assembled, makes a to tiny miniatures. 
Terminal Blocks rugged, but easily modified, block. 
Make Better 


’ 
. Connections are secure! Bosses on underside of There’s a model to meet yar oo, ma 
bar crimp wire—provide high pull-out strength! quirement. Special solenoids engineered 


to your needs. 
Write for Literature Y ” 


CURTIS ovtvttopment & MFG. CO. DETROIT COIL COMPANY 


2435 Hilton Road ~+ Ferndale 20, Mich. 
3222 N. 33rd Street, Milwaukee 16, Wisconsin 
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A full line of 
CLARE STEPPING SWITCHES | 


SPRING-DRIVEN + DIRECT- DRIVE 
CAM-OPERATED 


fo meet exactly 
your most comp/ex 


design requirement 


CLARE Stepping Switches are available with 
capacities from 10 to 52 points. Special assem- 
blies may be engineered to meet unusual re- 
quirements. All switches may be hermetically 
sealed in nitrogen or oil, provided with dust 
covers, and supplied with several styles of 
miniature connector or solder-type terminals. 
CLARE quality control and engineering design 
provides long-life, high-capacity, and 
minimum maintenance through 

millions of operations. 


C. P. CLARE & CO., 3101 Pratt Bivd., Chicago 45, Ill. 

In Canada: C. P. Clare Canada Ltd., 840 Caledonia 
Road, Toronto 19, Ontario. 
Cable Address: CLARELAY. 


Cc. P. CLARE & CO. 


Relays and Related 
Contro/ Components 
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PRODUCT INDEX 
for this issue 


Components, parts and materials described in this issue’s 
editorial and advertising pages. 


Key: page number only indicates advertisement; letter 
‘‘e’”? with page number indicates editorial mention. 


COMPONENTS, 

ELECTRICAL /ELECTRONIC 
Actuators—220e 
Batteries—87e, 208e 


Brakes—212, 214e, 224e 


Capacitors—64, 160e, 
207e, 220e, 228e 


16G6e, 193, 


Choppers—21 le 


Clutches—212, 214e 
Contact devices 
Brushes and brush holders—173, 
189, 204, 236 
Commutators—160e 


Contacts and contact points— 
74e, 155, 164e, 184 


Slip rings—160e. 164e 


Control systems—79e, 103e, 160e, 
16G6e, 198e, 134e, 21Ge 


Cooling 
204e, 


equipment—17, 190e, 


228e 


Counters—160e, 188e, 190e, 204e 


Electron tubes 
Counter—49 
Glow lamps—188 
Power—217 
Receiving—162e. 164e 


Filters—162e, 21G6e 
Fittings, conduit—173e 
Lights, indicator—165, 200e 


Magnetic components 
Bobbins and core boxes—220 
Coils and windings—225 
Cores—Inside front cover, 166e, 
176, 187, 227e 
Laminations—62 
Permanent magnets—132e, 
233 


147, 
Shielding—162e 


Meters, panel—132e, 173, 174e, 
229 


Microwave devices—i73e, 
188e 


174e, 


Potentiometers—163, 
182e, 220e 


166e, 174e, 


Protective devices 
Circuit breakers—39, 50, 
Fuses and holders—56 


184e 


Relays 
General purpose—133, 146, 148 
Industrial—162, 172 
Mercury—214 
Miniature—146, 180e, 196 
Special—G0, 173e, 192e, 211, 
218, 


Telephone—237 
Time delay—146, 200 


Resistors—42, 160e, 164e, 174e, 
204e, 206, 208e, 232 


Seals and terminals, hermetic—15, 
192e 

Semiconductor devices 
Are suppressors—162e 


Rectifiers and diodes— 29, 150, 
181, 207e, 216 


Thermistors—212e 


Transistors—131, 137, 140, 150, 
151, 160e, 177, 230 


Servo components—182e 
Solenoids—233 


Static switching elements—182, 


194e 

Switches 
Acceleration—166e 
Commutating—196e 


Controllers and contactors—S9, 
185, 218 


Leaf—208 

Limit—34, 45, 161 

Overspeed—188e 

Pressure—160e 

Pushbutton—20, 30, 34, 55, 
165, 182e, 194e, 237 

Rotary—30, 42, 198e 

Snap action—20, 191 

Stepping—202e, 234 

Toggle—20, 191 


Telephone handsets—237 


Timers—128e, 16Ge, 221, 223, 238 


Transducers 
Linear displacement—138e 
Rotary displacement—150 
Special—160e 
Thermostats—207e 


Transformers—27, 160e, 173e 
Valves, solenoid—196e 


Wire and cable—63 
Hookup—223 
Magnet—9, 41, 198 
Power—223 


Wiring devices 

Cable clamps and clips—174 

Connectors—Inside back cover, 
47, 145, 212e, 221, 224e, 227 

Cord sets—48, 149, 175, 194e 

Grommets—186 

Plugs and jacks—42, 237 

Terminals—174e, 225, 231 

Terminal blocks—190e, 233 
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PRODUCT INDEX 
_ for this issue 


Components, parts and materials described in this issue’s 
editorial and advertising pages. 


Key: page number only indicates advertisement; letter 
“e’’ with page number indicates editorial mention. 


COMPONENTS, 
MECHANICAL /STRUCTURAL 


160e, 199, 231 
Cylinders, hydraulic—208e 


Bearings—1 32e, 


Fasteners 
Screws—164e, 231 


Housings and _ enclosures—160e, 


173e, 221 
Knobs, handles—202e 
Seals and gaskets—160e 
Spacers—173e 


Trim and nameplates—17Ge 


COMPUTERS AND 
COMPUTING COMPONENTS 


1, 164e, 174e, 184e, 186e, 188e, 


207, 212e, 222e 


DRIVES 
Electrical—37, 222e 
Mechanical 

Constant speed—227 


Variable speed—10, 13Ge, 162e, 


184, 200e 


INSTRUMENTS AND TEST 
EQUIPMENT 


Amplifiers—160e, 182e 
Bridges—-162e 


Environmental 
230e 


Generators, electronic—160e, 162e, 
182e, 228e, 232e 


Meters—43, 61, 173e 
Oscilloscopes—23 


chambers—174e, 


Power supplies—129, 207, 228e 


Recorders—Back cover, 53, 
173e 


Semiconductor testers—160e 


Special test equipment—126e, 
162e, 164e, 166e, 173e, 176e, 
180e, 214, 228e, 230e 


Tachometers—186e 


MATERIALS, 
ELECTRICAL/ELECTRONIC 


Conductive 
162e, 222e 


materials—52, 


Contact materials—155, 158 


Insulation and dielectrics 
Asbestos—196e 
Casting resins—22, 139 
Fabricated parts—(see: 
Services) 
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Laminates—40, 11G6e, 164e, 192, 
198e, 224, 235 

Metalized film—176e 

Mica—135 


Molding compounds 
184e, 209, 213 

Paper—5 

Tape—21, 179 

Tubing—153, 195 
222 


Magnetic materials 
Electrical steel—S84e, 183 

Magnetic powders—190 

Solder and flux—16Ge 


Wire and cable—(see: Compo- 
nents, Electrical/Electronic) 


MATERIALS, 

MECHANICAL /STRUCTURAL 
Adhesives—182e, 223 
Fabricated parts—(see: Services) 


Metal forms 
Clad metals—158 
Expanded—162e 


Metals 
Alloys, general—194e 
Copper, brass, bronze—215, 218 


MOTORS AND GENERATORS 
Armatures—33 


Fractional-hp motors—2, 51, 57, 
176e, 186e, 194, 203, 210, 
214e, 21Ge, 224e, 225 


Gearmotors—197, 202 


Integral-hp motors—37, 57, 192e, 


203, 210 


Precision—28, 174e, 2lle 


Special—51 


PRODUCTION EQUIPMENT, 
TOOLS 


Coil winding—176e 
Layout fluid—225 


Wire strippers—231 


SERVICES, MATERIALS AND 
COMPONENT FABRICATION 


Ceramics parts—148, 226 
Coil winding—226 


Metal fabrication—164, 218 


SERVICES, MISCELLANEOUS 
Data processing—4, 25 
Employment—166 


Transportation—35 


EXPERT Help 

in 

Laminated Plastics 
From Specialists 


An Example of 
Synthane You-shaped Versatility 


Do you have a materials problem? Perhaps 
laminated plastics is the answer: Why not 
discuss it with our field representative in your 
territory? He has behind him the entire 
Synthane organization with over 32 years of 
experience in the manufacture and fabrica- 
tion of laminated plastics. Our engineers, 
technicians and field representatives are spe- 
cialists in this field, and over two-thirds of 
our people have over 10 years’ experience 
with Synthane. The solution to your materials 
problem can probably be found at Synthane. 


You-shaped Versatility makes Synthane a Better Buy in Laminates 


CORPORATION OAKS, PENNA. 


Synthane Corporation, 17 River Rd., Oaks, Pa. 

Gentlemen: 

Please send me information relating to Synthane as a source 
for laminated plastics materials and parts. 

Name 


Address__________ 


S| 


ToS se ae 


EE 


City. Zone 


een 
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| MAKES A COMPLETE LINE OF 


i 


_ Brush Holders 


MOLDED FROM STOCK DIES 


with or without inserts 


Internal or External Threads 
i 


Stock Size Brush Caps to Fit MMM Holders , 


%, Various Materials Available 


o | 


SEND YOUR PRINTS 
FOR QUOTATION 


236 


AND MANUFACTURING COMPANY 


FPLASTICS 


CUSTOM-ENGINEERED 


123 ROTARY DRIVE 
GURNEE, ILLINOIS 
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Electro-Technology 


Formerly Electrical Manufacturing 


205 East 42 Street, New York 17, N. Y. Telephone: MU 9-3250 


BUSINESS STAFF 


ROBERT G. DRAKE, Sales Manager 
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WHEN QUALITY 
IS A MUST 


Stromberg-Carlson® 


TELEPHONE-TYPE 
COMPONENTS 


RELAYS: Wide range, for electro- 
mechanical switching. Send for 
Bulletin T-5000R2. 


KEYS: Cam-type and push-button. 
Send for Bulletin T-5002R. 


STEPPING SWITCHES. Fast and de- 
pendable. Bulletin T-5001R. 


JACKS & PLUGS: For many electri- 
cal and electronic uses. Send for 
Bulletin T-5003. 


TELEPHONE HANDSETS: Standard 
or with switch assemblies. Send 
for Bulletin T-5005. 


For bulletins and more information 
contact the nearest Sales Branch 
office: Atlanta—750 Ponce de Leon 
Place N.E.; Chicago—564 W. Adams 
Street; Kansas City (Mo.)—2017 
Grand Avenue; Rochester—-1040 
University Avenue; San Francisco— 
1805 Rollins Road. 
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ONE Reader Inquiry Service post- 
card (king-size for legibility) will 
bring you additional information re- 
garding material published in this 
issue—either advertising or editorial 
pages. 

Editorial items and _  advertise- 
ments have been assigned a key 
number; corresponding numbers ap- 
pear in the respective grouping of 
the Reader Inquiry Service postcards 
on the facing pages. 

Simply circle the numbers that 
apply to specific items in which you 
are interested. Your information re- 
quests will be forwarded promptly— 
within 48 hours of receipt of card. 
To expedite, please print or type 
your name and address. 
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e ADVERTISED PRODUCTS 


For more information on products 
advertised, circle the number in- 
dicated at bottom of each adver- 
tisement. 


e REPRINTS OF EDITORIAL 
FEATURES 
Article reprints available without 
charge are listed on page 152. 
For Science & Engineering re- 
prints, see Order Form on page 
157. 

e NEW LITERATURE 
Latest catalog and bulletin offer- 
ings start on page 160. 

e NEW COMPONENTS AND 
MATERIALS 
Reviews of new developments 
start on page 180. 

Cards will be processed by Publish- 

er if received by September 1, 1961 
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() AX reliable solderless contacts 
result in dramatic 

reduction of 
HYFEN installation time 


wide application—all with snap-locked removable contacts 


Pd AQUALOK™T-™- 


Weather-sealed round connector— 
either all coax or in combination 
with single conductors. 


Coax Feed-Thru 


Miniature and standard connector 
(above) and splice (below). All 
plastic shells — lightweight, dura- 
ble, impact resistant. 


Type MB-X (4 Coax 
' as a Bantam HYFEN 
Coax in miniature rectangular con- 
figurations. Connectors for standard and mini- 
= ature coax—either all coax or in 


combination with single con- 
ductors. 


Coax MODULOK® Type PD-X Type ME-X 
— Modular HYFEN inserts for all Rack and panel HYFEN series— 
ee Spreng standard or miniature coax or in features one piece shell, one piece 
” combination with inserts for sin- inserts. 
gle conductors. 


Burndy’s coax contacts, for both miniature and standard coax cable—feature crimped 
inner and outer contacts, which provide a more reliable connection, faster and easier 
High speed production tooling results in low installed cost—crimps contacts in any cir 
cumferential position... Few parts simplify installation. No heat to damage insulation 


For further information write OMATON DIVISION 


URNDY 


NORWALK, CONNECT 7 i fe aa: g TORONTO, CANADA 


Circle 102 on Inquiry Card 





this ts 
the Brush 
Mark II... 
anyone - 
can 


plug 


—brush 


RECORDER MARK 1! 


it in 

put it 

In writing 
anywhere 


There is no direct writing recorder on the market that approaches the compact 
Mark II in sheer usefulness. It is a completely integrated engineering tool 

that can be operated by anyone... in the shop or in the field . . . for countless 
research or design requirements. Every function necessary for uniform, 

crisp, easily reproduced readouts is ‘‘built-in’’. The Mark II gives you two analog 
channels plus two event markers; 4 chart speeds; DC to 100 cps response 

with 40 mm amplitude; 10 mv/mm sensitivity; high input impedance. 

Ink or electric writing models. Immediate shipment from stock. 


—___brush INSTRUMENTS 


DIVISION OF 


377 AND PERKINS | CLEVITE | CLEVELAND 14, OHIO 
c 


CORPORATION 


eo ee So oh 


BAUGH INSTRUMENTS 
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